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PROLOGUE: EXeEttENGE AND THE SEARCH 



John E. Periick 

V 

\ 

Science Education Center 
Univers ity of Iowa 



Many descriptions of excellent ideas, activities, arid science programs 
have been published, read, ard reviewed; resulting iri cons iderable improve- 
ment in science teaching and additional recbgriitibri of cbritinuing problems. 
With this beginning of the Focus oh Excellence mdridgraph series. The 
National Science teachers Associatiori hbpes tb provide a source of inspira- 
tion and ideas as well as descriptibris bf irinbvative and successful prac- 
t ices . 

ror_1982, our search has been for outstanding programs in five focus 
areas: Biology, Elementary Science, Science as Inquiry, Physical Science, 
and Science/Techriblbgy society. For each area, we are devoting a Monograph 
describing innovative programs with a particular focus. This continuing 
mbnograph series from NSTA will highlight excellence in Middle, school/Jun- 
ior H:'gh Science, Physics, and informal Science Education in 1983. Future 
years will see a search for excellence in other school .scierice, teacher 
education programs, and other science areas_ found in_ Scierice education. We 
feel strongly that this monograph series, pocUs oh Excellence, will play a 
needed and vital role in shaping science educatibri practices of the future: 

The 1982 Search Fo;^r Excellence iri Scie; ce Education began when Robert 
Yager, NSTA president for 1982-83, was invited to become a member of Pro- 
ject Synthesis. The perceived need for Project Synthesis came in 1976 when 
several _ National Scierice Foundation funded studies revealed _the current 
state of scierice educatibri in the United States. Then, in 1978, a synthe- 
sis bf the mpre than 2 ,000 pages of information from those three NSF 
reports arid the National Assessment of Education Progress data was begun by 
twerity-three science educators throughout the U.S. 

The Synthesis researchers worked indeperiderit ly iri small teams, each 
focusing on one aspect of .science educatibri: Elementary Science, Biology^ 
Physical Science, Science/Technology/ Sbciety , or Inquiry. A critical part 
of the synthesis analysis was developing a description of an ideal or 
desired state for a _f bcus area arid theri comparing the actual to the desired 
state. During the Search fbr Excellerice, goals arising froa the s^mthes is 
desired state fbr each bf the five focus^ areas were used as criteria foi 
defining excellerice iri a school science program, 

Leadirig science educators (generally state science cpnsultarits) iri 
each state were identified as chairs of committees tb identify arid ribmiriate 
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outstanding science programs in their respective states. Ultimately^ 
nearly 165 state nominations were submitted to the project director _ for 
consideration at the national level for 1982. Thus ^ the state, exemplars 
were passed on to another set of review committees and yet another selec- 
tion process. 

To aid in the selection process, all nominees were asked cb fill but 
forms ietailing information on demographics ^ texts used^ and the nature bf 
the school. A questionnaire, developed from the desired state criteria, 
was completed by the nominee as an integral part of the hbmihatibri packet. 
In addition, the state nominees were given the ma jbr criteria fbr excel- 
lence and five questions to provide narrative ihfbrmatibri about their pro- 
grams. These questions were: 

1. Provide some infbrmatibh about the setting (community location, 
size, specific features, schbol science and organization) 

2. Describe the nature of the exemplary program (grade , level , class 
sizes, curriculum outline, learning activities, evaluation tpchni- 
ques ) 

3: How does the program exemplify the 1982 criteria for SESE? (Abbre- 
viated criteria were made availale _ and reference to Volume 3 bf 
NSTA's What Research Says to the Science Teacher was given.) 

4. How did the exemplary program come into existence? 

5. What factors cbritribute to the success of the program and what is 
heeded tb keep it going? 

Nominations were divided into^ five groups^; Biology, Physical Science, 
Science/f echnology/Society , inquiry, and Elementary Science. Each group 
was then reviewed by different teams with at least one of the original 
synthesis researchers on each team. Each program was compared to the 
desired State criteria and reviewed by at least four independent reviewers 
with reviewer discussion usually leading _c6 a clear ideht if icat ibh of the 
national exemplars in each focus area. _These National Exemplars numbered 
twelve in Elementary Science „_ seven in Physical Science, and ten each in 
Biology, Science/ Techhology/Sbciety , arid Iriquiry. A separate monograph 
for each focus area is available frbtb NSTA. 

While Prbject Syrithesiis offered a desired state, '-these examples of 
excellence provide vivid views of whaj: i^s alread.y a reality. We hope you 
can profit by reading these descriptions , by finding inspiration and a 
source of ideas. The programs described range . from North Tbble High 
School with only 80 students to Merritt Island High School, one of_23 sec- 
ondary schools in the Brevard, Florida school district offering Research 



7 



3 



Science Schools with exemplary programs teaching Science, As Inquiry are 
found ii. communities of 400 up to more than 50,000. _:Si2e of sc^iobl or corr- 
n .inity docs not seem to be a limiting factor in achieving 'Excellence, 

Grade level is not a factor either . . Three of this_ year's exemplars 
are junior high schools and one program, Inquisitive Chicks is evolving in 
a primary setting. Not surprisingly, the most significant factor is the 
teacher. Teachers in all ot these programs are dynamic, thoughful, young 
at heart and eager to learn wich their scudents . (If you are interested, 
see another monograph from NSTA , Teachers in Exemplary Prograrrs: How 
Do They Compare?) 

These programs are all exemplary but they by no means exhaust the sup- 
ply of innovative and outstanding science education programs. We feel 
strongly that excellence exists, and it exists in reasonable quant ity . View 
these as some examples of excellence and be prepared to find more. At the 
sam^ time, we encourage you to contact exemplary programs which you feel 
have applicability to your own school situation. 
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Chapter 1: Science As Inquiry: 
A Desired Siate 



By 

Gieti S. AikeriHead''f 
University of Saskatchewan 



iiMTRebueTibN 

Inquiry is a general process by which we seek inforrnation or under- 
starding. People inquire in different identifiable ways and broadly speak- 
ing, it is a way of thought. We can inquiry into values (values clarifica- 
tion), natural phenomena (scientific inqutrj^) , the application of 
techniques and knowledge (problem solving), and into choices of action or 
belief (decision making). Thus, scientific inquiry belongs to a family of 
inquiry strategies. While scientific inquiry shares common features with 
the other nodes uf in^^uiry, it may be characterized by its own set of fea- 
tures. Our Project Synthesis inquiry group recognized scientific inquiry 
as having: 

1: Specific characteristics such as the pf dces^ ^ ^ and methods s^ci: - 
ence^ observing and measuring; formulating problems and seeking 
solutions to them; interprecing data; generalizing, building, test- 
ing, and revising theoretical models. 

2. General characteristics often called the nature of science : the 
structure of scientific knowledge is tentative and the product of 
.uman efforts. The structure is affected by the processes used in 
its construction or by the social and psychological context in which 
the inquiry occurs . Scientific knowledge is also affected by 
assnmptibhs about the natural world, such as causality, noncapri^ 
cioa^ness and intelligibility. 



"^These Desired state ideks were developed as prrt of Project 
synthesis. Contributing authors and members of the Inquiry Focus 
Group also included: l*^ayne W. Welch (University of Minnesota^ Leo E. 
Klopfer (University of P_ittsburg5j and James _T. Robinson (Boulder 
Valley rchool District, Boulder^ Colorado). This chapter is based 
in part oh Chapter V in N. Harms and R. Yager (Eds .) , What Research 
Say^ ^ ^fc^ Scie nc e Teacher, Vol. 3, NSTA , Washington, b.C, 1981. 
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Shared characteristics with other domains of inquiry such as general 
stra tegies , saf^gu ardg and customs : the ase of evidence/arid reasbh- 
ih^^nd tho generally agreed-upon procedures of "ethos" that indi- 
viduals participating in all forms of rational' inquiry are expected 
to follow. Our characterization of scientific inquiry _ encompassed 
these three themes: A more detailed der.cription may be found in 
Table 2. 

A desired state of affairs for student understanding and use of 
inquiry requires more than a definition of inquiry. We de 1 iberated 
over issues related to schooling and considered the needs and char- 
acteristics of students. In ordei to analyze these school issues we 
developed three main themes: ' the context or preconditibh that may 
support inovtiry teaching, the transactions that may facilitate 
inquiry teaching, and the outcomes of that instruction- -student 
understanding of inquiry. These butcbmcs were considered in^ terms 
of Project Synthesis' student goal clusters; 

I Personal Needs tb use the outcomes of science 

instruction for improving one's 
personal life and for coping with 
an increasingly technoi igical world, 

to use the outcomes of science _ 
instruction to deal responsibility 
with science-related societal issues, 



- - to use the butcbmes of sc ierice 
instructibn for the pursuit of 
knbwledge for its own sake and for 
professional training, and 

- - to use the outcomes of science 
instruction for awareness of 
a variety of science and technology- 
related jobs , 

Table 2 shows interrelationships among the three inquiry themes, the 
thie- themes for school issues, and _ the fbur goal clusters . The 
goal r:iusters and the inquiry, themes form a two dimensional lattice, 
and are related to only bhe theme of the school issues - -outcomes . 

In formulating desired states for teaching science as inquiry, 
we were mindful that our assumptidhs , experiences, and beliefs were 
influencing the butcbmes of our deliberations^ The validity of our 
desired states must be considered in thi^^ ^ight and before present- 
ing the desired states themselves , you should note their inherent 
assumptibris , beliefs and restrictions. 



II Societal 
Issues 



IIT Fundamental 
knowledge 



IV Careers 



ASSUMPtlONS, BEblEFS AND RESTRICTIONS 

There wore several assumptions, beliefs, and restrictions that 
guided the 1 nquiry group' s interpretation of the inquiry domain . 

1. Inquiry as a way of thought is a valuable goal for education. 

2. There ire certain characteris itcs of the nature of scientific 
inquiry that students ought to learn. 

3. Scientific inquiry is not a prescribed se^ of steps, but it 
does contain some common elements that need to be addressed* 

4. Process is pervasive. It^ together with ccriceptual schemes, 
will likely remain after the content is forgotten. 

5. We recognize and advocate the importance of informed atti- 
tudes as an iritegra 1 piart of scientific inquiry . Students 
will possess informed attitudes towarB the process of discip- 
lined inquiry, particularly processes and knowledge charac- 
teristic of scientific inquiry. Indications of tjie^ existence 
of such attitude will span the continuum from merely being 
aw^e of phenomenon (receiving) to making a concerted effort 
to respond (organization). For ^some students, attitudes 
toward scientific inquiry will become their- life outlook 
(characterization). .Students will exhibit different feelings 
about different components of the processes cf_ science, but 
our desire is that students will respond to the process of 
science with positive feelings (valuing) . In bur statements 
of desired student outcomes we have 'chosen to weave affective 
(feeling) statements in with bur cognitive (knowing) and 
skill (dbirig) statements. 

6. We recognize that all possible desired student elements could 
not be covered in a document such as this. Therefore, we 
have sampled the domain of inquiry selecting those inspects 
that are most important and presented examples of these 
across the four goal clusters . 

7. The student outcomes are pitched at the able high school" 
graduate, but we expect a range bf cbmpetehcies . 

8. Oui description of a desired state of affairs f or iriiquiry is 
based in part bh earlier writings of Klbpfer. (1976) (Inquiry 
Report, Octbber 21, 1978, pages 1 and 2) 

DESIRED STATES FOR INQUIRY 

The desired state of affairs for student understanding of Sci- 
ence as inquiry involves ail the elements found in Table 2. A phy- 
sics metaphor may make evident the context, transactions and out- 
comes sections below. A physical system has a potential for ^doing 
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work (the context), but must develop the kiiK^iic energy for that 
work (tiie transact ioiis) , and finally the system yields the work 
itself (the outcome). 

The contextual compoiioiit includes such things as. curriculum 
materials, skiHed teacliersi science laboratories and community 
opinion. Context is the potential of the system to accomplish 
inquiry learning. A school that contains a well-equippped science 
]r»horatory, a highly competent teacher and a supportive community 
has a greater potential to accomplish inquiry learning than one 
which does not. Whether or not this potential is realized depends^ 
in part, on the classroom transactions. 

The teacher is the critical factor dn achieving a desired state 
consistent ;;ith inquiry teaching. Effective teachers value inquiry^ 
encourage an inquiry orientation in cchers, and possess ski 1 Is in 
enabling other to understand inquiry as a way of kribwirig. Such 
teachers take advantage of investigations to develop an under stand- 
ing of the history, philosophy arid sociology of science, arid to 
develop their cbmpetei.cies iri iriquiry teachirig. 

Iriquiry classrooms have scierice objects that are obviously iii 
use with equipmerit arid sUpiplies organized arid available in such ways 
as to stimulate studerit irivestigatioris ; The physical arrangement of 
the classroom is flexible,^ permitting activities of various kinds 
without uridue problems or loss of time. 

Curricula include explicit statements of desired student out- 
comes that give attention to science process skills, to the nature 
of scientific inquiry, and to attitudes and values. Science curri- 
cula that incorporate these outcomes are available to all students, 
but statements of student outcomes and instruction should be care- 
fully adjusted to the characteristics of the student pbpulatibri^ 
including their needs and goals. _ , 

Transactions are the set of activities that expose the 
student to opportunities tb learn. They are the actual iriteractibris 
of the _ s -,udents with their teachers, bther studerits, curriculum 
materials, and the riatural wbrld. There is a kirietic characteristic 
of the trerisactibris that distiriguishes them from the context ele- 
merits. Participatirig iri hands-ori experierices, viewing a filtn on the 
dbuble-heli.K cbritiroversy, or reading about the philosophy or sociol- 
ogy of scier ce are examples of transactions that would seem to faci- 
litate inquiry learning ijj sc .ence^ 

Instruct: ion in inquiry c lass rooms reflects a variety of meth- 
ods - -discuss ions , investigative laboratories, student-initiated 
inquiries, and debates. Teachers serve as role models in debating 
issueSj examining values i admitting error, and confronting, areas bf 
their own ignorance. The classroom atmosphere is cojiducive to 
inquiry with students finding it easy^ to ask_ questions . Risk-takirig 
is encouraged and stuudent comments are listened to, clarified, 
questioned, and deliberated with a high level bf studerit-studerit 
interactions. Scierice conterit arid prbcesses becbme iriseparable and 
"How do we khbw?" enters mariy cbriversat ibris . Individuals, small 
groups , or the eritire c lass move eas i ly from discussion to labor a - 
tbry br bther "harids-bri** activities. The climate of classrooms in 
which scierice is taught as iriquiry stimulates a thorough, thoughtful 
explbrat ibri bf bbjects and events , rather than a need to finish an 
activity or the text. ^ 



Both formative arid summative evaiuatibris are iritegrated into 
the ongoing activities in tne classroom. Techniques and instruments 
for summative evaluation are selected and used in such a way that 
student butcbmes reflecting inquiry learning are assessed. With 
equal importance, formative evaluation procedures and ihstrumerits 
are deliberately chosen to gather data for course improvemerits and 
future directions and decision making. 

Inquiry transactions are concerned with students developing 
meaning for theirselves; The multifarious nature of such meaning 
dictates that in an inquiry classroom there is a time for doing, a 
time for reflection, a time for feeling, and a time for assessment. 

Outcomes of the schooling process are the result of transac- 
tions occurring in a particular context, A student's awareness of 
the tentative nature of scientific knowledge is one example of an 
inquiry outcome. A student's ability to iriter;pret data represented 
in a graph is yet another example. ' 

When we developed student outcome statements, it was obvious 
that only sample statements could bo, generated within a reasonable 
time-frame. These statements, 128 in all, serve to exemplify the 
three main themes of inquiry arid the four goal clusters. Table 3 
presents a f ew_ of the _128 examples of desired inquiry outcomes gen- 
erated by the Project Syrithesis team (Harms, 1980). 

A PERSONAL bESeRlPtlVE ACCOUNT 

The Iriquiry group's story begins with Nprris Harms' decision to 
include "Processes of Science" as one of the five focus groups in 
Project Syrithesis. Consequently he needed a group leader, a person 
who had gained a national reputation in research arid study of the 
processes of science. Wayne Welch's name came quickly to mind. 
Welch's doctoral work (196^) at the University of Wisconsin had 
created the widely used Science Proc^ X flv^fttoty (SPI). Welch also 
was working on a National. Assessment of Educational Progress study 
involving the processes of science wheri Harms was writing the Pro- 
ject Synthesis p_roposal for NSF. In addition, he had been involved 
in all three NSF supported studies that were to form the _ empirical 
basis for Project Syrithesis. Welch '^s academic background „ ^ diverse 
research, and admiriistrat ive experiences were seen _as beneficial iri 
develojjirig arid heading up the Processes of Science focus group. 

When NSF funded Project Synthesis in the spririg of 1978, 
Welch's first task was to select three .others to work with him: The 
selectibri criteria in the original NSF proposal dictated : a litera- 
ture search to discover who _ had done research related to the pro- 
cesses of science. In consultation with Harms and other members of 
the steering committee, Welch also attempted to predetermine the 
compatibility of the group, estimating how well the people would 
work together on ah extensive, riebulbus and taxing project. _ 

three people were selected: Leo Klopfer (University of Pitts- 
burgh) Jim Robinson (BSCS), and Glen Aikenhead (University of Sas- 
katchewani. Leo Klbpfer's History of Science Cases plus his Tes^ on 
U nderstanding Science (TOUS) were ail part of _ his doctoral research 
at Harvard Uriiversity. (1962) His Chapter, "Evaluation of Learnins 
in Scierice," iri Bloom et ai.'s classic Handbook on Format ive and 
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Sp mmat ive Evalaation of Student fcearning (i97i) reflected a national 
recognition of his expertise. Jim Robinson's philosophy of science 
doctoral thesis at Stanford (1964) had led to his book The Nature of 
Science and Science Teaching (1964) : My doctoral work at Harvard 
Univers ity (1972) continued the development of evaluation techniques 
using the SPI and T0US and led to subsequent research studies evalu- 
ating student knowledge about science and scientists. 

We]ch and Harms felt that the four constituted a potentially 
compatible, valid array of academic researchers. W'hat Ha:.'ms may not 
have known at the time was that we each had personally becomp 
involved in tho practitioner's world of teaching. Welch had worked 
closely wixh Harvard Proj ect Physics teachers, Klopfer in Individu- 
al ized Science trial classrooms , Robinson with BSCS materials in 
trial classrooms (L ife Science for Educable Handicapped , Environmen - 
tal Educat ion Pro j ect ^ Human Sciences )j arid I with my own proj ect 3 
Science : A Way of Knowing^ for which_ I had returried to high school 
teaching over a two year period. Thus the four of us brought a 
wealth of practical knowledge of the day-to-day limitations arid 
friistratibhs experienced by arid imposed dri classroom teachers. We 
knew from personal experience what might or might riot be accom- 
plished in a classroom with different sorts of students. We had a 
pragmatic feeling for what is reasonable to expect of teachers in 
various circumstances. This practical knowledge, rather than just 
academic expertise, turned out to be the basis for formulating much 
of the desired state for inquiry; 

in spite of this academic background and personal experience, 
we certainly could not pretend to have a monopoly on the desired 
state of affairs related to the processes of science . Our del iber ac- 
tions had to be more broadly based in order to secure a valid con- 
clusion. Cbnsequer.t ly^ before our first meeting in Boulder (June 
19 78), we studied at least 20 major articles that addressed ideas 
about what should be taught iri scierice classroom. These articles 
were scrut iri ized arid discussed iri terms of what they justified as a 
desired state of affairs. 

Our initial task was conceptualizing what the processes of sci- 
ence meant in terms of Project Synthesis. Harms' broadly encompass- 
ing viewf5oint seemed at first unwieldly but, as soon as we realized 
that we were dealing with a subset of inquiry, a pattern emerged, 
inquiry as a way of thought, scientific inquiry as a way of generat- 
ing knowledge, and scientific inquiry as a repertoire of intellec- 
tural skills. With this realiz^ation, we changed the focus group's 
name from "Processes of Science" to "Inquiry." 

These three themes were broken down 'into subthemes (Table 1) 
and each of us took the task of writirig illustrative studerit putcbme 
statemerits. We wanted to express the desired state _of iriquiry 
iris t rue tibri with a sample of specific studerit but comes . Three types 
of statemerits were called for: knowledge of (at various levels dri 
Blddm ' s taxdridmy ) , abil ity to do , and f eel ing about . We wres t led 
with many problems , such as the il legij^imacy of isolating inquiry 
from science content (recognizing that the two are intimately 
related), the realism of some student inabilities and apathy, the 
incompleteness of any set of outcomes we might generate, and the 
bothersome issue of elitism. 
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Deliberations over stadent outcomes allowed^ us to deal 
efficiently with what eventually became bur "cbhtext" and transac- 
tions" segments. Our own experieHces with teaching arid working 
closely with teachers helped us reach agreement over a desired con- 
text arid a desired set of transactions. _ r, - 

The iriterisity of our deliberations may . be compared to a three- 
day compreherisive examination both oral and Writteri. Orie Iricident 
exemplifies this exciting tension. We drove to a restaurant one 
everiirig while carrying on a discuss ibn frbm bur afternoon meeting^ 
When we jumped out of the car and crossed the street, Harms noticed 
that Klbpfer was not with us; that he was sitting pensively 
engrossed in the back seat of the car. "Leave him alone, someone 
advised, "he's thinking." Twenty minutes later he entered the res- 
taurant with a trace of a smile on his face. He had gotten hold of 
an idea, but we would have to wait for him to think it through over- 
night before he was ready to share it with us over breakfast in the 
morning: 

TABLE 1 

Inter relationships Among the Desired States for Inquiry Instruction 



Cbhtext: 



the community, teacner, classroom and 
curricaium 



B. Transactions: 



the classroom events, methods, atmosphere 
and evaluation 



e. Outcomes: 



Personal 
Needs 



II 

Societal 
Needs 



III 

Fundamental 
Knowledge 



IV 

Career 



Processes 
& Methods 
of Science 

Nature 

of science 



Strategies , 
Safeguards 
& Customs 
of Inquiry 
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Table 2 



Dbrhaih of Inquiry: Themes and Subthemes 



Processes or Methods of Science 

A. Observing and Measuring 

B. Seeing a Problem and Seeking Sblutibris 

This process refers to that rather difficult task of 
recognizing or choosing problems arid theri through 
a combination of hard work, thought, skill, past 
experience^ or just plairi luck, finding solutions to that 
problem. Also irivblved are such things as problem 
recbgriitibh arid developing arid testing hypotheses, often 
thrbugh experimerits. 

C. Interpret Data and Form Generalizttions 

D. Buildirig, Testirig, and Revising a Theoretical Model 

Theoretical models are viewed as conceptual schemes 
that allow us to understand a variety of phenomena 
in the natural world. Good ii:iodels are broadly 
generalizabie and can be used to generate predicitions 
to be tested: They indicate how observatibris and 
concepts are related. 

Nature of Scientific Inquiry 

E. Scientific Knowledge as a Prbduct of Scientific Inquiry 

Scientific kribwledge consists of ideas about natural 
pheribmeria iri the form of: observations^ laws, 
hypotheses , theories , models , and assumptions . This 
knowledge is tentative^ product of human 

effort. Scientific knowledge and the direction of 
inquiry itself are affected by a number of psychological 
and sociological inf luences , such as the social 
context in which the scientific inquiry bccurs , 
Scientific knowledge comprises the assumptibris arid 
metaphors of those who created it^ thbse whose 
principal aim was to_satisfy their curiosity about 
natural phenomena.. Thus , there are limitations to 

scientific kribwledge arid scieritific inquiry ; 

limitations related to psychological and sociological 
effects arid limitatibris possibly bounded within the 
dbmairi bf natural phenomena^ There are some basic 
assumptions iri scientific inquiry which have endured 
over a long period of time: These assumptions about 
the natural world include: causality, noncapriciousness ^ 
int e 1 1 igib i 1 ity ; 
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F. The Diversity of Tactics arid Strategies in Scientific 
Inquiry 

While different branches of science share simiiar types 
of inquiry, there are as many different "scientific 
methods" as thete are scientists; However, two modes of 
inquiry ate often recognizable: (a) stable inquiry-- 
inquiry proceeding within the theoretical structure 
of the discipline, without challenging the accepted 
scientific knowledge of that area; (b) fi^id inquiry-- 
inr^iiry that challenges, and perhaps alters, the 
the .retical structure of the discipline. 

G. The Self-testing and Empirical Aspects of Scientific 
inquiry 

Scientific knowledge raises questions about phenomena, 
in an attempt to answer these questions, scientists 
create hypotheses. Scientists test these hypotheses 
by means of independent empirical _verificatigri 
(observations are gathered by different people under 
experimental conditions, and then these observations 
are compared with predict ions deduced frbtn the 
original hypothesis). The observations used to 
verify or falsify the hypothesis are: (a) contingent 
upon the experimental conditions and the instruments 
used to gather the data, and (b) judged true if they are 
based on sense data, repeatable by anyone trained in 
inquiry techniques. 

Theories are useful ("true") to the extent to which 
scientists believe in the confirming observations. 
Criteria for accepting a theory include such things 
as logical coherence , simplicity , explanatory power , 
predictive power, potent_ial for growth in developing 
scientific knowledge . Theories guide observations . 
Disconf irmihg observations may lead to: rabdif icat ion, 
restriction in the scope of application, or replaceffient 
of the theory. 

Scientists publish their results so that : others can 
repeat what they did, critically analyze 
the work and know who should receive 
credit for a new idea. 

jlj. Inquiry As A Way Of Thought 

H. Strategies of Inquiry 

1. Is it a values or values-related questibri? 
If yes i use values-clarification strategies: 

Is the aim tb develop scientific knowledge and 
understanding? If yes, use strategies detailed 
in "Processes of Scientific inquiry." 
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Is the purpose (heed) to app ly_ knowledge , skills, 
and/or procedures to a personal or engineer ihg-type 
prbbleni? If yes ^ use general prbblem-sblvihg 
s trategies . 

Is the purpose (need^ to decide on alternative 
societal actions to be taken? If yes, use decision- 
making stategies . 

NOTE: Which ever set of strategies is selected, 
all the cbhsideratibris discussed under Evidence, 
Reason ihg. Safeguards arid CUstoids apply; 

2 . Eviderice 

Includes questions of relevance, usefulness, judging 
reliability, and utilizing evidence to make decisions. 

3. Reasoning--use of logical thinking. includes logical 
reasoning, analogical reasoning, assump ':ions , 
causality and mrltiple-causality , judging 
alternatives . 

NOTE: Consideration also must _ be given here to 



alternative systems of lbgic--especially the 
logic systems of children (arid adults?) who 
have ribt attairied the stage of iritellectual 
develbpmerit bfteri described as the Piagetian 
formal bperatibris stage : 



IV. Safeguards and Customs of Inquiry 

These are the generally agreed-upon procedures, operating 
modes, rules of the game (the 'Sthos") that individuals 
participating in ail forms of rational inquiry are 
expected to follow. Some of the more important procedures, 
include open-mindedness ; cr iticalness i including, brie s selfj 
commitment to accuracy; integrity; arid sharirig through public 
discussion^ seminars^ arid writteri reports. 




TABLE 3 



A'^-Sampling of Desired Student Outcomes** 



(A ^ indicates a minimal outcome . Other statements refer to 
dents taking two or more science classes J.n high school) 



stu- 



GOAb GLUSTER I 
Personal Needs 



A. *(Doing). Can measure 
accurately those body symp' 
toms, such as blood pressure, 
heartbeat and temperature, 
that are important 
in mbhitbririg one's health 



B. * (Knowing). Is able 
to form and test hypotheses 
around problems related to 
personal needs and 
interests, such as acne, over- 
weight, low grades, autos 
that won't start, and water 
in the basement. 



GOAL CLUSTER II 
Societal Issues 

A. "^^CDoing). Observes 
the impact of his/her 
actions bri the rest bf 
ibciety, both those that 
are negative f noise pol lu- 
tibn); and those that 

are oositive ""not smoking 
in a crowded room). 

B. (Attitude). Are supportive 
of the allocation of public 
funds for use in solving the 
science-related problems of 
society. 



C. *(Doing). Can judge the 
appropriateness of any hy- 
pothesis tested^ tb solve 
a personal problem ^ on the 
basis of data obtained, such as 
t-bst bf gasblirie arid mile- 
age rates. 



D. (Attitudes) .Realize 
that the possession of a 
few broadly encompassing 
models will help them 
interpret and feel better 
about their environment. 
Examples include. Justice/ 
fairness i sbcio-biplbgy ^ 
e vb lu t ion ^ c bmp r bm i s e , arid 
dembcracy . 



C. (Dbirig). C&ri iriterpret 
data preserited about a 
societal problem and judge 
its implication^ far 
personal behwior the effect 
of limiting speeds to 55 mph 
and resulting gas usage. 



D. (Knowing). Several 
models are proposed accbuhtihg 
for social behavior. 
Insofar as these are ade- 
quate i it seems impbrtarit 
that students are familiar 
with them . Some examples 
iricliide just ice/ fairness , 
sdcib-biology, evolution, 
compromise and democracy. 



E . ^(Kribwirig) . Deliberately 
recognizes that the relevance 
of scientific knowledge is 
likely limited to its own 
domain of inquiry (natural 



E. (Doing). Abstracts from 
a societal issue the compo- 
nent related to natural 
phenomena , ideht if y ing 
this cbmpbheht as being ger- 
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pheribmeila) and that other 
ijersbhal inquiries about 
one's life may not use 
scientific knowledge or 
scientific inquiry : 



F. ^(Knowing). Docs NOT 
have faith in following a 
stepwise description of **thf* 
scientific method" as a way 
to solve problems. 

G: * (Attitude). When engag- 
ed in SCI ent i f i c inqu i ry , 
values the empirical 
verification basis of 
science . 



H. *(Doing). Studies the 
researcli report cbhtainihg 
new evidence cbhcerhihg the 
connect ibn between smoRing 
and liihg cancer to find but 
the cbriditibris under which the 
study was carried but. 

I. ^(knowing). Accepts 
open-mindednesj' as a 
prerequisite to 
successful inquiry. 



mane to scientific knowledge 
and scientific inquiry. 



F; (Attitude). Accepts or 
anticipates that the science 
componient of a societal issue 
can give rise to different 
solutions \ 

G. ttitude). Does not 
B>i\ scientitsts to use 
knowledge in their scientif- 
ic thinking unless it has 
been verified empirically 

by iridepehdeht groups . 

H. (Attitude) Has faith 

in the pbwer bf reason and 
in systemic approaches to 
problem-solving for science- 
related social problems . 



I. (Attitude). Consistently 
insists on giving opportuni- 
ties to be heard to prbfjo- 
nehts of various viewpbihts 
concerning water arid air 
pbl lutioh issues . 



GOAL CLUSTER III 
Fundamentai know!,<%dge 



GOAL CLUSTER IV 
Careers 



Science Process Skills 



A. *(Doing) . is able to 
observe and describe ob- 
jects and phenomena (in- 
c luding change) us ing ap- 
propriate language. 



B. *(Khowihg). Recbgriizes 
that problem selection and 
hypbthesis fbtmatibn are 
sbmetimes accomplished in 
direct and programmed ways 
and other times it is very 



A. *(Doing). Participates 
in a variety of observa- 
tional and measurement 
activities to sufficient- 
ly examine the pbteritial 
arid iriterest tb them for 
a career in science. 

^(Attitude). Enjoy 
involvement in opportuni- 
ties to participate in 
science-related problem 
Identification and sblu- 
tions . 
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much an unpredictable" af- 
fair; in both cases, 
however, it involves 
intelligence and patient ^ 
hard work, though he-'ther 
guarantees success . 

C. ^(Attitude). See ^ 
value in presenting data 
in the form of function- 
al relationships, such as 
tables, graphs, equations. 



U. C Knowing). Can 
specify which phenomena 
and principles are in- 
cluded in a model. 



E. *(Doing); Gities exam- 
pie of earlier and current 
scientific explanations 
which have been, or are 
being, altered. 

F. ^(Attitude) , Expresses 
the view that different 
scientists may use dif- 
ferent methods of inquiry 
because of individual 
differences among 
scientists ; 

G ; * (Knowing) . Acknowl - 
edges that scientists deal 
with hypotheses, theories 
and models in terms of 
their usefulness (in 
explaining^ predicting and 
encouraging growth in 
science) arid riot in terms of 
their absolute truth; 

H. * (Knowing) ^ ?^^^P_ 
the meaning of simple sci- 
entific statements such 
that he or she would know 
what counts as evidence 
for and against it. ; 

I . (Doing) Accepts the 
disagreement of scientists 



C. (Dbirig). Has experienc- 
ed the successes and prob- 
lems of iriterpreting 
data and forming general- 
izations to realistically 
consider careers in 
science . 

D; ^(Attitude) . Appreciate 
the value of models in 
understanding natural 
phenomena and is interest- 
ed in pursuing careers 
that use such approaches. 

E . (Knowing) , Recbgriizes 
the latitude iri scierice 
for express irig human 
irigeriuity arid creativeness 



F. (Knowing). Recognizes 
that a career in science 
does not require a 
singular role, but is 
open to a number of 
different roles. 

G. (Empty set) 



H. *(Dping). Decides 
^hat the main issues 
of selecting a scierice 
career are. 

I: (Doing)^ Values 
open-mindedness in 
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about interpretations of those who pursue 

the outcomes of scientific scientific careers, 

research . 



"^"^The A, B, C . . . headings for_the outcomes cbrrespbhd to the sub 
themes described in sections A, B, C . . . in Table 2. 
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ehapter 2: THE RESEARCH SCIENCF^ PROGRAM: 
A PROGRAM FOR HIGH ABILITY STUDENTS 



By 



Patricia E. Denninghoff and Kenneth Marx 



Merritt_ Island High School 
100 Mustang Way 
Merritt Island, Florida 32952 



Merritt Island, with a population of about forty thousand, is sur- 
rounded by water oh three si^es. The Kennedy Space Center, beaches, and 

mild climate are the main attractions of the Merritt island area. 

Prior to the development of the space program, Merritt island was pri- 
marily a rural community of citrus grc wers although there was some tourism 
in the area. The early development of the space program at Kennedy Space 
Center and the adjacent Cape Canaveral Air Force Station brought many space 
related contractors and industries to the area. These new industries 
changed Merritt island into a more cosmopolitan cornmunity with many diverse 
groups including citrus growers and picksrs, technicians , engineers , arid 
administrators. It was during this time of rapid growth and ej^parisidn that 
Merritt Island High School was constructed in 1965. 

Although Merritt Island's population has riot decreased appreciably in 
the last, few years , the transfer of Mission Cdritrdl from Kennedy Space Cen- 
ter to Houston, reduced the iriput of young f amilies in the area^ 
decreased available jobs in space-related industries and^itered as Weil as 
decreiased the school pdpulatid.t. Our community has become more retirement 
driented^and studerits rio longer are automatically interested in pursuing a 
career in science: 

Merritt island High School, with six wings surrounding a commons area^ 
provides educational opportunities for 1,545 students in the tenth, ele- 
venth, and twelfth grades. The staff includes three administrators, two 
deans, five counselors, and eighty- five teachers. __ 

The Science Depa_rtment__has eight teachers offering first and second 
level courses in Biology, Chemistry ^ and PhysJcs, as well as '^lectives in 
Marine Biology, ivhatbmy arid Phsiblbgy, arid Research Sc.ience. The t 
math instructors teach a series of staridard mathematics courses including 
Calculus. Iri recerit years, the Science Department has been instrumental 
iri the develdpmerit of a cdmpUter math course at Merritt island High School. 

Studerits at Merritt Island take advantage of these sciences offerings 
with 91% taking biology, 42% Chemistry, and 27% Physics or Physical Science 
before graduation. Another 24% take Marine Science, 7% take anatomy and 
Physiology and 10% take a second year of Biology ^ Chemistry or Physics. 
Research Science attracts 9% of the students by the time they graduate. 

Prior to development of the Research. Scierice prdgram, 3cierice 
courses at Merritt Island High School were laboratory drierited, with a 
hands-on approach used in conjunction with texts arid AV and dthex materi- 
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ais. inquiry was prcmbtea . in regular science classes but with all students 
in a particular class sb^-ving the same problems, usually as prescribed by a 
laboratory manual. Any individual inquiry was not directed or supervised 
by the teacher and^ in many cases, not even encouraged. There was not 
enough time in the regular classroom to cover necessary material or to 
truly help students develop their talent in individual problem-solving 
techniques while accomplishing hig.lly technical procedures . .< 

For a number of years teachers w^:re required to use a district adopted 
text and to observe district '..'ide objectives in regular science classes. 
As long as the teacher met the objectives for the course, there wa§ a great 
deal of freedom allowed in "how" to teach the course. This is still true 
todav. With the la- .;e number of students interestea in technical and 
scientific fields, we felt a program geared for the special education of 
these exceptional, gifted and creative students was needed . We wanted a 
program allowing students to proceed far beyond the best that the usual 
ic-feTice curriculum could offer them, especially in the area of inquiry. 

tha philosophy of the program developed is that through participation 
in researcti, some students may in fact be able to develop more of their 
potential: The express purpose of the program is to develop sophisticated 
techniques tor encouraging independent student investigation and teaching 
the skills end concepts for such independent research. It is intended to 
teach the students the careful, patient, exacting and creative methods of 
study and laboratory investigation used in inquiry by professional scien- 
tists Students learn science through real personal research which might 
ultimately lead to publication. They practice scientific thinking and 
learn scientific processes which firmly establish and further advance the 
student toward career goals. _ _ __ ^ 

The science research program implemented at Merr itt_ Is land High School 
began with a series of five grants from the National Science Foundation: 
During this formative time and continuing through his retirement last year^ 
Mr. Robert E. Bruton, our principal, inspired and _ supported the development 
of tha program. He encouraged teachers, secured and channeled funds for 
equipment, and encouraged students to attend functions , even some distance 
frotn Merritt island. He also .helped establish rapport between the Research 
Sciencr^ Program and the faculty as a whole. His contribution cannot be 

overestimated. _ _ _ , - 

In the summer of 1968 two teachers, Patricia Denninghoff and CD. Gim- 
Bel, took an NSF sponsored program to aid teachers in continuing district 
support of previously funded NSF programs: Mrs. Denninghoff served on a 
committee to acomjjlish this implementation of continuing support and to 
write the proposal for' the organization of the Research Science Program as 
it is today. This was revised in 1975 and again in 1981. The same commit- 
tee also produced the current Research Science Program guide for adminis- 
trators , teachers, and students throughout the Brevard County School dis- 

^^^^^The teachers at Merritt. Island High School now consist of Patricia 
Denninghoff in biology, and chemistry; Kenneth Marx, who also took a NSF 
training program, in physics and engineering; and Barbara Louden who has 
assisted for the last two years in the areas of mathematics and computers. 

OUR FACILITIES 

The Research Science Program functions in a setting which includes two 
Research rooms, a_ sterile room, and an instrumentation room specifically 
fbr their use. The atmosphere and setting of these classes is conducive to 
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the inquiry approach. The physical science research room, 7 meters by $ 
meters i has lab tables and cabinets around the perimeter and a fume hcod in 
one corner. The equipment present depends on which projects are set up at 
a given time and may range from lasers to pumps; from electronic equipmefit 
to fiber optics. The biology research room is 5 meters by 10 meters and 
includes a sterile room 2 meters by 3 meters enclosed in the main room. 
This sterile room is Jequipped with a laboratory table^ sink and gas out- 
lets. Present also are a carbon dioxide incubator ^ ah inverted tissue cul- 
ture microscope, a refrigerator, and various shelves. Germicidal ultra- 
violet fixtures are^ attached to walls above all work areas, and high 
efficiency filters purify both incoming and outgoing air. 

The main biology research rdbm also 'contains the usual science labora- 
tory stations around the perimeter with a fume hood on one wall. Incuba- 
tors, refrigerators, centrifuge, micrbtbme, glove box, autoclave, and a 
Warburg apparatus are present also. Two racks of small animal cages and a 
numbor of individual rabbit cages remind ybu this is a biblbgy rbbm. The 
nearby science stockroom contains a library with technical, text bbbks , arid 
catalogues for use by research students. Outside, 'a fence encloses ari area 
originally intended to be a laboratory and a place for a plant and animal 
house. This facility has never been built and the area is currently being 
used as a playground for .the child care classes at* Merritt island High 
School . 

In addition to the equipment already mentioned, the research program 
has a Spec-20 spectrophotometer, an infrared spect rophotomet:er , and a gas 
chromatograph . These, along with an excellent medical microscope, phase 
contrast microscope^ the computer facility ^ _ the'^Warburg apparatus, arid the 
tissue culture micrbscbpe are all essential to the success of various of 
the student's f5rbjects arid prbbably would ribt be fburid in ah ordinary sci- 
erice prbgram. 

^ The equipment iri these rbbrns is available brily tb research studerits 
for independent study prbjects; non-research students do nbt use this 
equipment. As a result, those students involved in individual inquiry 
problems may leave their equipment set up as long as is necessary without 
tear of casual or deliberate destruction of the fruits of their labor. 

A prep room adjacent to Mrs. Denninghof f ' s room serves as a computier 
room. It contairis an Atari 800 computer, a monitor, disc drive, and daisy 
wheel printer. An electric typewriter , paper cutter, and other paper pro- 
cessing equipment also are found in this room tb which students have access 
when Mrs. Denriirighbf f» is in the building. 

The research scierice rbbms have space that is adaptable to the set-up 
of varied types bf experimerits . This labbratbry space may "belbrig** to a 
particular student fbr the entire schbbl year arid everi carry bver for all 
three of the student's years at Merritt Islarid High School.' In additibri tb 
the versatile science classrooms and special research rooms, including a 
sterile room built at Merritt island High School using community and patent 
provided contributions and labor, portions of the program ^takfe place in 
NASA laboratories at Kennedy Space Center ; and at the Flo So iar Energy 

Center, Medical Research Institute and Florida Institute' of Technology, 
Brevard Community College, arid the University of Central Florida. ^ 

Individual students also work in labbratbries at various Summer ^ci-^ 
ehce Institutes^ such as the program at the Univers itijiL/of Florida, as well' 
as in industrial labs such as at the_ Harris Cbrpbratiori. In ge_nei*al these 
iristitut ibris have been well pleased with the quality of performance of 
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research students. Many students have received summer employment, 
part-time school-year employment while at college^ or while at college, 
have entered a co-dp program with the institution which helped them while ^ 

in/high school. __ _ ^ u 

Most materials and equipment are stored and available to students when 
one of the teachers- is in the building. Mrs. Denninghoff is in the build- 
ing two evenings per week for three hours each ^ on. a_ regular basis, and 
extra hours are put in by Mr, Marx and Mrs. Denninghoff when necessary to 
provide access to materials and equipment needed to meet certain deadlines 

arid competitions: 

In addition to the daily Research Science c lass , teachers must be 
available to students for 'at least eight hours a w-p.k after school. Most 
Research Science teachers put in_more_than is required. 

OUR STUDENTS " 

Over the course of the years schools have recognized that only a rela- 
tively few students wlxl excell in a given field. As a result, education 
in general has been geared toward the average student: The research Pro- 
gr^ at Merritt Is land High School is des igned primari ly for the^special 
education of exceptional, gifted arid creative students in all grades from 
10 through 12. It is also cbrisidered for the occasional academically 
under-achieving student who may beconie more involved in academics _ through 
an extreme interest in ddirig independent study in science. Physically han- 
dicapped Students are enrolled in the program as long as they can meet the 
other qualificatibris. This year's Research science students include indi- 
viduals from all .socio-economic and ethnic groups found iri the general 

pbpulatibri bf the school: 

Three related ' qualifications of students are: a willingness to spend 
time beyond ordinary assignments and make persbrial sacrifices to succeed in 
the program; perserverance and not becoming discouraged by failure, since 
experimentation often results in failures before success is achieved;^ and 
emotional maturity, insuring self discipline, cooperation, dependability 

and related traits. _ * _ . ^ _ 

Participation in the Re^^earch Program- by the students of Merritt 
island High School is expected to cause changes in their behavior in the 
cognitive, affective and psychomotor domains , The nature of many of the 
desired learning butcbmes is such that complete and immediate evaluation of 
the program is impossible. The extent to which a student has acquired the 
complete problem-solving skills, manipulative ski 1 Is , and positive atti- 
1-udes which are the goals of this program may best be expressed in terras of 
lorig-rarige behavior, such as success in university level res^l^arch or seiec- 

tibri bf a vocation. _ ■ 

GOALS AND METHODS OF RESEARCH SeiENCE 
Through this program students are exposed to a wide range of sdien- 
tific problems and possible solutibris . They come' in contact with evidence 
that discovery can change the future of the worjd. The entire program 
emphasizes this general idea thrbugh specific examples found iri their own 
Research. The Research Science program demonstrates that, the inquiry 
approach to problem sblving is an effective way to solve any kind bf prob- 
lem by finding as much information and evidence as possible. Students also 
learn that the accuracy and statistical analysis of evidence is critical in. 

the solutibri arid its defense^ ' ^ 

Sbme projects deal with socially-related i>roblems such as handicaps, 
drug use, effects of alcohol and nicotine, pollution, br other science-so- 
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ciety issues. Each student's research is a uhiquie sitiiatidrij arid through 
exposure to the project^ of others , each studerit becbmes aware of iriquiry 
processes involved in many different scientific discipliries arid iritimately 
aware of those involved 3in his own specific project area. 

Through project work and the inquiry approach students learri that 
valid decisions require an accumulation and classification of eviderice. 

for and recognize accuracy in information. Since decisibri raakirig 
in social contexts often involves bias, this emphasis bri accuracy leadirig 
to valid decision making is invaluable: Research science students are 
intimately expensed to careers which relate to their projects; They meet 
and discuss problems with "experts" in their chosen fields: By actually 
performing experiments in the field -and using the inquiry approach indivi- 
dually they learn, first hand, how and in what types of environments 
research scientists and technicians work; In some cases they learn that 
they do not particularly care for a certain career, but they may also find 
one in which they will feel accomplishment and pride; 

Much of the inquiry ajj^roach used in student projects applies to sci- 
ence-related problems which have value and ethical and moral considera- 
tibris. Some of these are safety and pollution problems and others are 
thbse iri which scientific evidence can lead to better decision-making. 
They learri that hbriesty arid accuracy In reporting data is essential for 
prbblem sblvirig, arid that this ap>p>lies tb ribri-scierit if ic problem solving, as 
well. Ddirig iridividual iriquiry type prbjects leads tb an awareriess that 
science related problems bfteri do have these kirids bf cbrisideratibris arid 
prepares the stiudent to better handle such decisibri makirig. 

'^^^^ program is almost entirely problem -centered and is flexible to 
the point that each student is allowed to pick his oj^n problem as long as 
there is a reasonable probability of his success in its completion: Almost 
all projects in this program deal with a problem which will improvs the 
quality of human life in some way while very, few projects deal with "pure" 
science projects. The entire program is individualized and personalized by 
allowing the student to select his problem, and then helping and guiding 
him thrbugh the inquiry approach to solve that problem. 

The prbjects are as diverse as the student^ and faculty involved. 
Irideperiderit study prbjects bfteri deal witU prbblems of the cbmmuriity. Qrie 
tenth grader, after preseritirig his study at an EPA hearirig to set p>blicy 
for control of sewage into Sykes Creek, received letters statirig that his 
scientific presentation was the most useful iri helpirig them make their 
decision to curtail this discharge: This use of ^tshe natural environment 

occurs often in this program _with Community resources such as industrial 

facilities and personnel, libraries, university laboratories, and profes- 
sors, hospitals and doctors commonly involved: Often the students use each 
other, other students, adults, or whole schools as subjects. 

Much of the problem .solving that is done by students is of a social 
nature in that cbnu^unicat^on and salesmanship are necessary for success in 
getting assistance^ both monetary and scientific. Students learn to make 
social contact by telep>horie^ letter^ arid personal interview. Ah important 
aspect of the Research Scierice program is helpirig studerits learri how to 
cbmmuriicate their ideas. Eriglish teachers provide critiques of scierice 
reports pfibr tb cbmpetitibris arid studerits are videotaped duririg practice 
presentations: The studerits critique each other arid also receive feedback 
from teachers: This feedback encourages studerits to be concerned with 
delivery and appearance as well as substance: 
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Cooperative work on problems exists in the form of. advice given at 
seminars presented by each student. They frequently "tear each other 
apart" at these seminars and all learn thereby. Help is given also by stu- 
dents already expert in some field , such as electronics or computers , to 
those less expert in that field . The cooperative nature of the program 
leads teachers to believe that the development of the student as a person 
is more important than the specific techniques and body of knowledge which 
is learned. One can see the students develop into thinking, l.earning^ 
involved young adults who can make decisions in all aspects of life and 
base them on information and evidence gathered using the inquiry approach 
to problem-solving. Since teachers are not "expert" in all the different 
projects being performed, they must _ assist students in problem-sblvihg 
techniques rather than finding "the solution" to the problem. 

Students have _ a class period each day in research under the guidance 
of a research teacher. In addition, a minimum of four hours per week is 
required for additional laboratory or research work with a time log 
required to show when arid how this time is sperit. Each student maintains 
notebooks arid a file cbritairiirig the time log, a hyothesis and problem 
stateinerit, methods arid procedures required in the research, a research 
plari, cbrisultarits * riames and addresses , equipment used and need,ed in the 
future, arid compiled data and results. Each student ±3 required, to bring 
these materials to a weekly evaluative conference with the teacher. Each 
is also expected to present his research to ail others involved in the pro- 
gram in oral seminar form at least once during a six w^k period and a 
written report is required at the end of six to nine weeks. 

Each researcher enters at least two of the various competitions avai- . 
iabie during the year, including regional science fair, Westirighouse Sci- 
ence Talent Search, Florida Junior Academy of Science ^ and various grant 
•programs. During this time students are responsible for their own work ^gjs 
well as maintaining a clean arid organized work area. At the erid of the 
year, a final paper is required cbveririg published backgrburid material iri a 
specific area, the iridividual*s bwri research data, data arialysis, conclu- 
sion arid a statemerit bf uriresblved prbblems arid their signif icancfc . 

Studerit prbject wbrk is dbrie iri any field of science in whicji the 
teacher feels there is available equipment and expertise for - success fui 
cbmpletibri bf the research. In this program students play an important 
role iri planning, clasroom management, and decision-making. Each student 
picks his own problem, within the limits of feasibility, and writes a 
research plan, carries out the experiment and comes to conclusions. Each 
student determ:^nes the validity of his results and uses data analysis to 
assist him in making these conclusions. All of this is performed using 
guidelines, deadlines and teachers suggestions, but remains his own wbrk; 
therefore his own project. _ _ _ _ 

In the fall, students spend considerable time doirig library research; 
using this information to write a research plan arid a literary paper cover- 
ing the iopic._ They learri tb use a word prbcessbr iri writing the plan and 
paper. They alsb begiri gather irig materials arid equipment for the projects, 
clean a lab area arid begiri settirig up experiments. Conferences with teach- 
ers, arid semiriars with peers are also common at tjiis time. 
iissist studerits in locating materials and equipraent, orderijig needed mater- 
ials arid equipment, and supervising preparation of solutions and set-up of 
equipment, and handling of animals i 
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Later as students perform experiments and record data they write sta- 
tistical programs for the computer to analyze data. After analyzing the 
data, students again use the word processor to write results. A conference 
with the teacher and presenting a seniinar to peers concludes the in-school 

program. _ __ " _ 

In the Fall, students also begin setting up backboards, making A-V 
materials, and organizing ideas to display jwork at a fair or convention. 

RESEARCH SeiENeE TEAeHEftS AND TEACHING 

Research teachers must be skilled in recognizing creativity an(L in 
promoting learning through individual problem-solving activities. _ They 
must encourage students to learn highly sophisticated techniques, and help 
students sell themselves and their projects to judges and experts who might 
be able to assist them. These teachers recognize that students iiiay be able 
to become experts themselves ir^ a narrow range of subject matter, arid that 
this learning may be more important on a given day than; regular clas^rdbm 
teaching. Research Science teachers are willing to give of themselves, 
their time, and talents to a degree that does hot seem cbmmbri among science 
teachers outside the program. __ _ __ 

Teachers plan lessons which apply to all students such as how to write 
research plans, grants, literary papers, or logs. Teachers also develop 
plans for using a computer or word prbessbr and provide deadlines for 
accomplishment of various tasks. They evaluate the program through evalu- 
ating individual students and cbmparirig their success with that of programs 
in other schools of Brevard CbUrity. Post-graduation success of students in 
universities and careers alsb has been used to evaluate the program. This 
""'"has been done on a fbrraal basis by the University of Central Florida. Stu- 
dent sucess can be Used to evaluate teachers in the program as well. 

The mbst important' strategy for a research teacher is to show 
genuine cbricerri for the student and his progress , and then to ericburage him 
tb succeed. One aspect of this is requiring conferences arid seminars on a 
regular basis in order to keep communications open arid to help students 
avoid the disasters of procrastination. In our Research Science program, 
one hour per school day is allocated. for class time. During this time two 
instr':!ctors are available for consultatibri . Iri addition each student ir 
required to spend an average of four' additibrial hours per week in project 
work. Instructors are available for a minimum of eight additional hours 
per week for student guidance. Those students not fortunate enough to be 
in the labs because of the time factor or scheduling problems are expected 
to spend the same amburit bf time, although not as much of it will be while 
instructors are available for assistance: A unique aspect is that the time 
scheduled is flexible enough for each student to work around other activi- 
ties such as band, footbay, or club meetings. 

Deadlines are present riodically, but the _stu_dents can cbriceritrate 
their efforts at times other Chan those selected by fellow students. This 
allows for the participation of these gifted studerits iri many bf the varied 
activities of their choice and they can still give eribUgh time to their 
research problems to do it and_ themselves justice. __ 

in early fall teachers hold corifererices with students, atjiejid and 
evaluate seminars, arid take students tb the library. Teachers demonstrate 
how to do a library computer search, use catalogues , fill in requisitions ^ 
arid use the computer arid the word processor^ Later on, teachers supervise 
the set-up of projects arid actual experiments and evaluate written materi- 
als from the studerits. Another important job of the teacher is to help the 
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sLudenLs locaLo c^xpcrts in their project areas with whom they may 
commtui iccice by telephone letter, or personal interview. 

A iiniqne aspect of tlie soqutnice of instruction in the Research Science 
program is the individuality of student -teacher contacts. Some students 
are in the very beginning of developing projects and need advice oh project 
selection while other students may be in their third year of project work 
and may need much more in the way of technical assistance. ^n the research 
science ciassroorr teachers avoid the use of a rigidly structured classroom 
and instruction ':akes place in a one-to-one situation with very few lec- 
tures. This individual instruction is necessary because of the diversity 
of the topics selected by the students; rarely are two students ever work- 
ing on the same project. To facili'^aLe positive evolution of the program 
and hinder negative changes, teachers need to project a positive attitude 
toward the program and share recbgnitibn as widely as possible. Teachers 
also need to encourage students to set deadlines . and avoid procrastination 
since unnecessary burning of midnight oil seems a major cause of failure to 
complete projects. Teachers need to see that students do not get behind in 
other academic areas, since this tends to cause irritation and a negative 
attitude bri the part of parents, other faculty, and administration. If one 
wanted to cause the failure of the program, one would remove the fj^exibil- 
ity of the structure, making the program only available to certain select 
students, and make the require- ments such that they could not possibly 
participate in other school functions. This would turn the students into 
outcasts and drive them away; thus killing the program. 

NSF sponsored institutes and various district inservice units have 
been used to train new teachers in the Research Science Program. In_ addi- 
tion, the district Research Science Program guide has sections butlinihg 
duties and responsibilities of administrators ^ teachers ^ and students, as 
well as guidelines for student ihvblvement. 

The role of teacher education workshbps fbr this program has always 
been a forum of _ communicat ibn . In these wbrkshbps , information is shared 
concerning deadlines, requirements, new rules and new competitions. In 
addition, these wbrkshbps bffer the opportunity to share what is going on 
in all the different programs throughout the district. .T^h^se meetings at 
the beginning of the year serve to generate ideas and create enthusiasm for 
the Upcoming year. 

RESOURCES 

The written and instructional materials consist primarily of periodi- 
cals, reference sources, and scientific journals. Since the first phase of 
student research involves an extens ive literary search to locate _ sburces 
specifically related to the student's project, these sources prbvide back- 
ground materials upon which students build their literary piaper. A wide 
range of very technical college texts are used when applicable to the stu- 
dent's area of research 

Materials bther than r irited matter are used extensively in the 
Research Science prbgrara. Nearly every student has personal contacts with 
a university prbfesbr at Florida Institute of Technology, University of 
Central Flbrida , or the University of Florida. These People serve as 
reference and guidance personnel . Some student^s attend symposia such as 
the U.S. Army, University of Florida Junior Science Engineering and Humani- 
ties Symposium, which allows them to visit several labs of their choice and 
to hear exc<^llent speakers in the field of science and humanities. 
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GENERAL CALENDAR OF EVENTS 

A general calendar of events for the school year would include but not 
bo I imited. to the following: 
h First Six Weeks 
Project selection 

A. 4 conferences with a teacher 

B. 2-5 trips to research libraries 

C. 1 seminar presentation 
Due: Research Plan 

I I . Second Six Weeks 
Paper development 

A. 4 obnferehces with a teacher 

B. Additional library trips as necessary 

C. 1 seminar presentation 

D. Due: Literary Paper, 

Grant-in-Aid Applications 

III . Third Six Weeks 
Data Collection _._ 

A. 4 conferences with a teacher 

B . Individual lab work 

C. Data collection and analysis 
D: 1 seminar presentation 

Due: Preliminary experimental pajper 

Westinghouse Science Talent Search (for seniors) 

IV. Fourth Six Weeks 

Project Assembly - 

A. 4 conferences with a teacher 

B. Assemble hardware , display units for project 

C. 1 seminar presentation 

Due: Project Ready for Presentation 

V. Fifth Six Weeks 
Cbmpetitibn 

A. 4 conferences with a tea'^ her 

B. Prepare presentation for oral presentation 

C. 1 seminar presentation video taped 
Due: Regional Science Fair 

State Science Fair 
Talent Search 
Junior .Academy 

VI. Sixth Six Weeks 
Wrap-Up 

A. 4 conferences with a teacher 

B. Compile final paper for inclusion into permanent files 

C. 1 seminar presentation 
Due : Final Paper 

Plans for following year 

EVALUATION __ 
Judging at science fairs is not only a matter of seeing who wins , 
but a way of evaluating the work of each student. This primarily is done 
by suggestions made by judges either directly to the student or on his jud- 
ing card. The primary evaluation of student progress in this program is 
the professional opinion of the instructor based on weekly conferences^ 
monthly tiSe logs, and daily observations. Daring the past twelve years, 
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thirty-six research science students from Merritt Island High Schddl have 
entered the Westinghouse Science Talent Search. Of these, eighteen have 
placed in the honors group and four have been finalists. Ohei a top win- 
ner ^ is now attending Stanford University using the scholarship she won. 

in the Regional Fair cbmpetitiphi MIHS has _averaged thirty-five parti- 
cipants per fair over the past twelve years. In every case MIHS had niore 

winners than all other schools combined. As an exarr.plej in 1980 MIHS 

research students received ten of the possible eleven first place awards at 
Regional. Of these j all placed in the State Fair cbmpetitibr ree 
receiving fir_st place awards with one gaining entry to the Iritj <^^al 
Science arid Erigineering Fair from the State Faii'. In the 1982 . lorida 
State Science and Engineer ing Fair, Merritt Island students , 1 1. 3% of the 
participants 3 took 23% of the place awards. Since the beginning of the 
program at MIHS, seventeen students have wbii trips to participate in the 
International Science arid Erigirieeririg Fair. 

At all of these fairs, studerits have won many special and place awards 
iricludirig three Lbndori International Youth Science Fortnight trips , one 
trip to the Tokyo Cherry Blossom Science Festival, one trip to the Nobel 
Prize Ceremonies in Stockholm, Sweden, and one trip tc the Virginia Youth 
Science Camp. Three students have won Navy Gru: Awards, while others 
have won trips to research facilities from the Army, Navy, Air Force, and 
one trip to the Thomas Edison 23rd international Birthday Celebration. Two 
student researchers have had their papers published under their name and 
co-authored by the senior research scientist with whom they did the work 
while at Summer Science Research. _ _ 

Since 1968 98% of research science participants have gone on to higher 
education. Of these, many have received scholarships attributed, at least 
partially, to their project work. Many have written letters or told how 
they feel their _success in college has been enliariced by their previous work 
on a proj^^^t- Orie was a studerit who said that the experience of contact- 
ings conversing, and acquiririg gifts df research supplies, materials and 
equipment through letters arid phbrie calls to researchers, citizens ^nd pre- 
siderits of cdmpariif»is was invaluable to him as he has been able to use these 
skills while attending Carnegie-Mellon University. He also recei/ed sunmier 
employment froffi one of the companies which supplied him with materials for 
his project. He feels that having ups and downs with his project helped 
him to cope with occasional failures in college, and kept him from joining 
so many of his classmates who dropped out of school. In an evaluation by a 
Universit^r of Central Florida, we found that of the 98% of the studerit par- 
ticipants going into higher education^ over 65% received scholarships for 
advanced study. Last year^ our seventeen graduatirig Research Scierice Stu- 
dents received $140^000 iri Gcholarships . « 

Former students are _atteridirig uriiversities from Stanford to Harvard, 
graduate schools such as Priricetori arid Cbrriell, or are graduates in fields 
^ rich as medicirie arid nuclear erigirieeririg. Orie student put her writing 
skills to work as a speech writer for a former Vice-President of the United 
States . 

SUPPORT 

Parents provide support, transportation to various events, supervision 
when several events talci place simultaneously, and raise funds for special 
equipment. Their most valuable contribution comes in the form of encour- 
agement of their children . Without this support very few students would 
remain in the program for long. The administration of Merritt Islarid High 



32 

o 

ERIC 



28 



School provides support for the program in many ways . Administrators . al low 
instructors academic freedom to handle students as they see fit and view 
their role as one of support, both financial and moral. They also serve as 
primary communicators between the program and the county and coordinat_e 
inquiry ac' ties with those of other activities in the school and with 
other faculty members. The allotment of class time for classes with as few 
as seven students is one sign of support which is not always given in other 
districts . 

The district central administration has helped by providing transpor- 
tation and organization for student participation in a number of science 
fairs, from Regidnals to the international Science and Engineering Fair, 
It also suppbrts a limited number of teachers attending and chaperoning 
students at these activities:' The spience resource teachers, Mr. Craig 
Brosius in earlier years, and now Mr. David Murray,, have assisted in coor- 
dinating these activities on a district bas is ^ Eyidehce for this district- 
wide support appears in the current existence of Research Science classes 
in all ten high schools of the district as well as each of the thirteen 
junior highs: Mr. David Murray ,_ or iginal ly teaching at a local middle 
school with an excellent Research Science program, has coordinated all sci- 
ence fair activities for our_ county since becoming resource teacher and 
assisted in some revisions of the county's Research Science program. He 
also has helped in providing liasbri w$th NASA and various industries in our 
county ^s well as with science departments at nearby colleges and universi- 
ties. He serves on the board of the Florida Foundation for Future Scien- 
tists. _ _ _ _ £ ^ A 

Financial support comes from the administration in the _form of funa 
approvals for special equipment and special trips. County funds bf $550 
per y-ar have been provided to each research science class for equipment, 
supplies, and travel to libraries and competitions. Brevard County also 
provides a $1,065 supplement to the teacher' § .salary fbr but of school 
activities . _ _ _ _ _ _ 

This school's administration also looks but fbr the well- being of tht 
program on the county level. Most importantly, administrators attend the 
science fair and awards ceremonies. Their presence and recognition of stu- 
dent achievement is their, most valuable single personal contribution in 
support of this program. It is bur hbpe that the administration will con- 
tinue its support especially at the county level where budgeting decisions 
are made. Their support in this area could result in funding at the same 
or increased levels, rather than having us suffer expected cut-backs . The 
school administratibn could encourage a more positive attitude toward 
Research Science in teachers of other disciplines, and at the same time 
encourage Research Science teachers to do the same for other prbgrains. 
This cbuld have a positive effect on increasing the num er of students 
involved in the program^ _ _ — j 

Decisions concerning budget are prescribed by county policy __and are 
uniform throughout the county while curriculum mateials are selected by the 
local program. Teacher inservice anr" evaluation are done on the county 
level by the science resource teacher. _ _ _ _ 

Professional organizations such as NSTA and NABT have played a large 
role in the development and suppbrt of the program. These organizations 
have provided competitibns which served to motivate the students _ toward 
success and provided guidelines for the use of dangerous chemicals, labora- 
tory animals, and pbssibly dangerous equipmr.ut such .as lasers. Varibus 
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professional journals such as The Physics Teacher, The Science Teacher, and 
The Amer 3 can B iology Teacher are used by teachers and students and keep us 
current with respect to recent advances in various fields of science and 
science education. 

Although there are currently two instructors associated with the 
Research Science program^ many other staff members from the school are sup- 
portive and involved. Members of the science department, math department ^ 
English department, electronics departnient, and shop department have all 
provided ^.^ssistance on student projpcts. English teachers proofread 
papers^ math teachers help in projects requiring higher level math or sta- 
tistics, and shop teachers assist in designing arid cbristructing project 
components . 

Science teachers and others also support the prbgranv by havirig semi- 
nars by research students in their classrooms . As an example, a student 
seminar on pollution in a local setting fits well in ecology classes or in 
social studies classes. Or a fytdject which uses a computer to show molecu- 
lar structure is used in a coitputer math class or a chemistry class. This 
makes more teachers and studei.ts aware of the value of the project and of 
the capabilities of the researcher involved. The program enjoys outstand- 
ing community support and strives to remain responsive to community changes 
by maintaining contact with local scientific organizations such as the 
Heart Association, the Technical Engineers Society, and other corporations 
in the community. This contact is beneficial with students performing ser- 
vices for some of these organizations and the organizations supporting 
either individual students or the .science Jaj.r program in general. 

EVALUATION 

Changing the evaluation system _to _ better reflect goals and rieeds 
requires very careful cons iderat ibri . Evaluatibri rieeds tb remain invdividu- 
alized with emphasis bri effort arid performance versus capabilities. Evalii- 
atirig students bri the basis of awards penalizes students who choose to 
investigate topics iri the less spectacular areas of science. For a system 
of evaluation to work, teachers must help students eliminate project ideas 
which are too difficult and not likely to meet with success for it is dif- 
ficult to evaluate a student's progress if he never comes to any kind of 
conclusion: This is also immensely discouraging for the student: 

Additional Evaluations which would be useful are accurate surveys of 
past graduates and determining career choices, successes, and needs. At 
the present tima we are able to keep track of only some students who volun- 
tarily return and keep us posted. _ _ _ _ 

THE FUTURE 

Economic conditions make the evblutibri of this prbgrara uncertain since 
budget reductioris affect the program adversely wheri mbriey is riecessary for 
the develbpmerit of projects or the purchase of riew equipmerit. Ori the other 
harid, if secbrid year scierice courses are reduced because of budget, 
Research Scierice enrol litierit might increase , although this would further 
strain the research budget. With a possible rebirth of an emphasis on sci- 
ence, this program should continue on a fairly even keel through these 
budget cuts. It will mean more fund raising activities on the students' 
part, and more care in the selection of projects, but these two things are 
not necesssarily bad, and can actually be positive forces in the evolution 
of the program. A very positive change that we would like to see in the 
program is the inclusion of more students. Time requirements made of the 
students taking upper level classes greatly discourage some from pursuing 
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research; A positive, bat possibly unattainable change, wcpuld result in 
inclusion of those students. if more local recognition could be given to 
successful students, in the media and at school, it might cause the program 
to be more attractive to those capable students who. feel they do riot have 
the time for a project. Research would also benefit those more average 
students who succeed in science classes but have little bjppbrturiity to 
really *'do" and understand science. Perhaps sjcience _ 1 iterary would be 
enhanced in all students if they participated in Research Scierice. 

if a teacher wanted to start a similar program iri ariother setting they 
would have to sell the administration on the program by citing examples of 
how other programs have benefited students^ The next step would be to 
affiliate with some organization, such as NSTA , which could provide a stag^ 
for competition. Success of students will sell other students and the 
administration on the worth of the program. Beginning, , a new program 
requires a positive attitude. A possible good begirmirig would be to get a 
few select stiiderits irivolved iri iriqiiiry with a helpful professor^t a 
nearby university or perhaps a local doctor or engineer. I" the ^^^time 
the teacher should be working dri developing his school _f^_c^J"^^^^^ P^^"! 
sbnnel, arid working with jUst a few s£uden^ in a field in which the 
teacher is knowledgeable. A wide range of disciplines must be presented to 
the high school student so that they can relect topics which interest them 
for students must be enthused to carry out extensive projects. _ _ 

Although teachers must have cojis iderable subject matter knowledge ^ 
just as important is a positive attitude and skill in directing arid moti- 
vating students: The most effective teacher is not the one who knows the 
most, but the one who can work with students in an ericburagirig arid geritlL 
way so the students develop ideas from suggestibris ^ act ivit ies , arid read- 
ings . Too much direction arid student iriitiative which is so important to a 
successful project will be lost. It is alsb impbrtarit for the teacher to 
project to the student that he cares riot brily about the project but about 
the student as well. ^ 

The rewards fbr teachirig iri the Research Science Progrann are not tan- 
gible but lie iri the feeling that you have worked together and you may have 
helped a studerit go bri to bigger and better things . It is much like a 
parerit whb did riot have a chance to go to college witnessing the college 
graduatibri of his child. It feels good to have a student return who is now 
teaching science or who earned his M.D^ or been hired to direct a large 
corporation. it is also good to feel that your efforts have helped a stu- 
dent into a kind of life whch he wil enjoy as_ well^ 

We are indebted to former Principal Robert Brutori who encouraged 
and supported the program from the beginning arid Dean Dbris E. Glenn who 
encouraged the writing of the or iginal _ eritry iri the Search for Excellence 
in Science Education for 1982 arid whb has suppbrted all research students 
with any school-related prbblems. (Fbr additional information on Jthe 
Research Scierice prbgram as it is implemented throughout the Brevard bounty 
school district^ see the 1983 NSTA monograph. Centers of Excellence : Por - 
trayals bf Sjy Dis tricts . ) 
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Chapter 3: Creative Inquiry-Based Science Program 



By 

Donaid t. Birdd 



Model Laboratory School 
Eastern Kentucky University 
Richmond , Kentucky 40475 



Model Laboratory School of RJ^chmbrid^ Kentucky is located in the 
south-central iarea of the Kentucky Bluegrass Region. This city of 20,000 
prbiribtes a imiddle-class life style that fbcuses bh twb primary industries: 
agri-business and higher educatibh at Eastern Kentucky University (EKU), 
the state's third largest institution of higher learning. Many other light 
industrial businesses are located in Richmond as well. Twenty -two miles 
south of Lexington, the coffimunity exhibits the typical urban sprawl associ- 
ated with the close geographical relationship of two population centers: 
Richmond continues to grow despite the economic downturn. Richmond is also 
influenced by its proximity to the Appalachian Mountain foothills; conse- 
quently, there is a blend of the "hand-crafted culture" and that supported 
by our high technology society. ^ 

Model Laboratory School^ a supporting _ department in EKU's College of 
Education, is administered by a director and assistant director. The staff 
of forty- two profess ion a 1 employees teaches approximately 750 students in 
griades preschool through twelve. This we 11 -trained staff bf teachers wbrks 
at apprbpriate grade- levels arid iri specific cbriterit areas. They provide 
service tb students from the College bf Education in their pre-service pro- 
fessional education course requirements by prj5viding opporj^^jii'ties for 
observation of exemplary teaching and participation in classroom environ- 
ments. Model Laboratory School also serves as a dissemination and training 
center for many instructional programs. 

The physical structure has laboratory or modified laboratory facili- 
ties in each room where science is taught although it does not havs such 
facilities available as a greenhouse^, planetarium or animal rooms. Two 
environmental study areas are available- -one within walking distance and 
the other is the university ' s 1800 acre outdoor envirorimehtal education 
center located iri the Appalachian fbbthills. Studerits are trarisported 
there twb times per year. Studerits iri biblbgy preseritly tbiir the greeri- 
hbuse complex Ibcated iri EKU's Cb liege bf Agriculture arid, brice the univer- 
sity's plarietarium becbmes bperational , the staff and f aci lity will be 
available for use by bur students in both earth science and physics 
classes. ___ 

Enrollment is open to all students and, to avoid an elitist image, all 
student names are placed on a waiting list. The student popuiation drawn 
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is composed of 50% EKU faculty children and jU% _ cbmmuhity-at-large 
children. Each group is further divided evenly by gender.. Class size is 
generally limited to 60, although this number varies slightly from class to 
class. - . _ _ _ 

My classroom is traditionally rectangular and only 2^ feet x 35 feet. 
A small office and a storage room are on one side with a bank of wiiidbws dil 
the opposite wall. Narrow laboratory work counters are located along each 
side wall and drawers and cabinet space are located below the counters. 
Each counter contains sinks, electrical outlets, arid gas hookups, l^arge 
laboratory tables are clustered to accommodate groups of four students. 
Two other large cables in the center of the rbdm provide dissemination 

points for materials which are riot ridrmally found on shelves. 'This 

arrangement provides for easy studerit access arid mobility. _ .^YP^?^^ 
demonstration desk is bri the blackboard erid of the room^ and a ^nicroscope/ 
specimen cabiriet, shelvirig arid work table are located at the opposite end. 
A large fresh-water aquarium is in the room entryway with shelving on the 
wall above arid cabinet space below. I even make use of the ceiling; it 
becomes a bulletiri board and student projects are suspended from the light 
fixtures as well as from the ^^eiling^ Posters of current interest are 
attached to the corridor walls outside of the room. __ 

Our old science program was one based on the_ jjr inciples originally 
established by projects of the sixties such as BSCS Biology arid ESCP 
Earth Science. it was inquiry oriented but was beginriing to show sigris of 
a more textbook-centered approach on my arrival in 1980, 

1 do not view this '*Crsatiye Inquiry-Based Scierice Program'' as new but 
rather as having evolved from the original iriquiry program since inquiry is 
inherent in Model Laboratory school's total scierice program, A recent 
addition incorporating creativity, brain ^emisphericity and developmental 
psychology into the curriculum came about P^^obably because of my own 
research and trairiirig iri these areaif; . It seems apparen^ that students were 
enjoying scierice, but, with this newly incorporated understanding of the 
learriirig process, I feel students will learn and have an even better exper- 
ierice iri the scierice classroom. 

The move toward teaching from a developmental psychology perspective 
began with middle school science students in 1979 when Dr, Michael Waveririg 
v.ms hired as a Physical Science instructor,. When I was hired iri 1980 as 
Earth and hife Science instructor, I introduced brain hemisphericity and 
creativity and continued the teaching style iritrbduced by Dr. Wavering^ I 
am not sure that this program should be termed sudderi or new. Our creativ- 
ity-based program was just a differerit approach. 

Originally, I learned iriquiry teachirig through NSF sponsored insti- 
tutes and through texts which promoted this learning process. Later, our 
instructors gairied their backgroUrid through coursework and clasgroom teach- 
irig exper ierice. The current creative knowledge aspect was gained through 
classroom teachirig experience and course work as well as through informal 
cbriversations , I have always believed that a classroom should be a place 
of fun. Obviously, a classroom where lots of activity goes _bn is gbirig to 
be more enjoyable than one where only teacher talk occurs. Cbmpletibri of a 
course in creativity which emphasized brain hemisphericity congealed mariy 
of my loose ends into a style of teaching which prbmbtes creative, hands on 
experiences as a good way for young pebple tb learri. _ __ 

since the inquiry process apprbach was established from an f g^iproent 
and text point of view much earlier in the school's history, i simply came 
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in and altered the way events occurred in the classroom. Discussions 
concerning learning theory and brain hemispher ic3 ty take place at the open- 
ing of the school year. As events occur throughout the school year, refer- 
ence is always made to correlate, justify or support the earlier state- 
ments. Many project activities, field trips, and other events are 
proposed, carried out, and related to earlier discusvS ions and activities. 

Model Laboratory School is strongly committed to the inclusion of 
field trip experiences in appropriate curricula . Another committment long 
term in nature- - i? ass igning a research paper on a con t rover s ial issue in 
science . Students walk to the univers ity 1 ibrary once a weiek to complete 
the research component for the paper. The "creative snack*% a day set 
aside each' nine week grading period ^ refjresents what each yburister learned 
and is constructed of a "food stuff". It is simply a way of showing what 
the student has learned and yet allows the students to have a fun experi- 
ence. The field trip cbmporieht of the program is dependent on parent 
volunteers. In addition, because Model serves as a teacher preparation 
ihst itut ibri , pre-ser. vice education majors take part in many activities . 
The admin is t ration encourages and supports all of the various activities 
which occur in the classroom. In addition, teachers support the field com- 
ponent of my program . Real ly , we support one i lother ; Again , this is a 
unique feature of our system which we hope to uemonstrate to teachers in 
public school systems. 

The Earth Science field-trip carapout to Mammoth Cave could not occur 
without parent assistance. And, parents are encouraged to join in other 
field-trip activities as a matter of personal interest. Different parents 
do volunteer their time to accompany the various groups and a lot of good 
public relations is established with these _well organized field experi- 
ences. University students Jielp as well. Because of bur situatibh/asso- 
ciatiori with the College of Education, I use pire-service ediicatibh major^ 
in many areas--bbth field wbrk and fbriiial class irivblvemerit . Although 
these students* attendance is ihterrnitterit , my students feel free to work 
with them whenever they are present. 

btIR PROGRAM 

Students and the activities they complete are the focu^ o,f the pro- 
gram, instructional raethods--laboratory sessions, stuoent centered inquiry 
discuss ions , student presentations , teacher led discussions , media presen- 
tations, and library research with panel discussions atfd bthe? reports --vary 
and students express _ satisfaction. In fact, they report that the class 
time passes too quickly. 

The syllabus with many bf those appropriate activities completed for 
each course is prbvided belbw; the list is riot iriclusive. Students are 
irifbrmed at the time the syllabus is distributed that it is only a guide 
arid that we will gerierally follow it iri the order suggested although 
changes may occur. 

Students generally work in pairs or groups of four. Jl^teriais and 
equipment are readily available and once objectives and the procedures are 
understood, students move on into the investigative step. Some class time 
is usually provided for students to complete their laboratory reports. 
These reports follow scientific format, BUT students are encouraged to be 
creative in how they fill in the format skeleton. 
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Many special activities which students enjoy take place in this class- 
room, the controversial issues paper challenges the students to carry but 
library research and then p»t their findings on paper in a logical manner. 
Althoujgh it is a different type of assignment ^ students often return to 
indicate their appreciation of the required research and specialized writ- 
ing in a science class. Field trips are an important part of the curricu- 
lar activity for each academic area and are scheduled to coincide with spe- 
cific classroom activities. 

Goals for the Science Program at Model (riot in order of priority) 

i. Foster positive student attitudes towards science 
2: Develop scientific literacy and bperimiridedness 

3. Develop an understanding of the nature of science 

4. Develop skills in the use of the processes of science. 

5. Develop, logical reasoriirig through the 

use of laboratory experiences which pose questions 
students must solve arid riot merely confirm what 
has already beeri done. 

6. Develop kribwledge of science subject matter 
appropriate to cognitive level: 

7. Prepare the student for further study of science. _ 
at the college level, careers in science, and related 
fields. 

8. Give opportunities for participation in 
in independent research 

9: Encourage creativity in the, search, for riew 
solutions to both new arid bid problems. 

Students discuss futurism iri the area of genetics,^ ait ernative energy 
sources , .'and current societal issues . Sometimes these focus on anticipated 
changes 'based on prior chariges . Biology students also investigate what 
pond water is all abbut . This ecosysteni is examined macrpscopical ly ^ 
microscopically arid from a chemical analysis perspective. Students irives- 
tigate the plant qommunity in several ways: quadrant analysis arid 
iriterpretatibn is based on their field experience at Maywoods ; photbsyrithe- 
sis arid osmosis are investigated in particular _ laboratbry experiences; 
plant growth is examined in two specific units; and animal organ izat ion and 
function are examined during a six week dissectibri Uriit. Earth Science 
Students investigate erosion through use of streamtables. Iliey investigate 
air, earth and water heat holding potential during a meteoroiogy unit. 
During a geology unit, they use craybris tb investigate how rock types form. 
Students get a bette:r understaridirig bf density, both in ocean water and iri 
alt, through a modificatibri bf the cblbred solutions activity found in the 
ESS curriculum. _ _ 

Students cbmplete a cbntroversial issues research paper and^ although 
I request that they riot take a stand,^ i believe after they pursue both 
sides bf specific issues they are forming specific opinions. At this pbirit 
in their lives I believe it is important that they be able tb sbrt but the 
facts in issues and therefore approach complex situations with an open 
mirid. Career awareness is dealt with in a_ special mariner. Although spe- 
cific questions concerning careers are handled as sporitariebus ly as they are 
raised, 1 also take time tb deal with careers which require course work 
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completed in are <s of science and math. Furtharmore ^ . last year ari EKU 
Biology eiub stuaent attended each class and discussed science and riiath 
from nil undergaduate student's perspective. My students were very fecep- 
tlva; they asked many good questions. 

Earth Science students dsal with energy and space-age technology con- 
cerns: Tliese concerns are raised during usua^l topical unit-j and at other 
timv5s when they might have newsworthy s ign i f icahce . Biology students typi- 
cally raise questions of concern during__topics such as genetics, medicine 
and related technology, or evolution. However, because of the discussion 
nature that the classroom atmosphere provides, students might raise an 
important newsworthy point and spend most or at least some part of a class 
period on it . • 

Although a syllabus is provided each student at the opening of each 
school y^ear, I feel it is more impbrtarit to learn that with which we deal 
than cover all the irif brmat ibh . This allows for flexibility since we may 
not cover the tbpics exact ly as listed. However, ail topics covered are 
dealt with in a harids-bn approach where students are actively involved. 
The_ topics are scientific in nature, but we try to deal with these as they 
reflect upbh us in bur present lifestyle. 

Students . are continuously being confronted with situations which cause 
them tb make decisions. They are formulating a philosphy of life" that 
ultimately affects their community^ through the decisions they mak^hbw--as 
welT as those they will make later. they see and" feel the importance of 
relevance: Last year our student council surveyed students on hbw the 
courses relate to their future and on a scale of_l to 5 (with five being 
"always") 64% of students in Biology rated a 4 or 5 while 44% bf earth sci- 
ence students rated this a 4 or 5 . Science is hbt approached as a 
"detached" segment. Rather, it is taught as ah integral part of a young 
person's life and that itplays a significant rble in shaping values^ 

Recognizing, that individuals are indeed different, many assignments 
have options.. Furthermore , ihcbmpletes are give" at the end of a grading 
period if difficulties are identified and an incomplete will alleviate the 
concern. I hold many student-parent-teacher conferences whe;re the student 
is a the fbcal pbiht of the conference : In almost all cases, I refuse to 
discuss student progress with a parent unless the youngster is present to 
participate in the discussion^ 

The creative projects place "great emphasis on individual student 
achievement and student pai-tLcipation_ and_pe_rf prmance __is excellent (See the 
December, 1982 issue of THE SCIENCE TEACHER, "Trimming the Creative 
Tree:") Completion of the laboratory manial is also an individual's attempt 
at creative expression of what went on in laboratory investigations^ 

This creative inquiry-based science program is founded on established 
learning theory pr inciples . Not brily dbes it support the four areas of 
development psychology , but it has a specific component based on brain hem- 
isphericity. Our sbciety has been taught from a "left-hemisphere" approach 
entirely too long. I am not advocating that we ignore the left hemisphere^ 
but I insist that the right hemisphere is important also and educators need 
tb begin educating the total brain^ _____ ___ 

I believe the emphasis is on the 3tudent--not on the cdhteht. Because 
I db not believe in the "covering" syndrome, I tell the students that the 
syllabi are guides and not edicts. As noted, the syllabi presented^tb stu- 
dents display typical content areas one would expect to find being dis- 
cussed in any Biology or Earth Science class. I believe that the differ- 
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ence (from the hbrni).. is that niy students aire apprbached in another 
maririer--hb content is "essential , " but rather students need to be assisted 
in rational understanding and decision-making processes . They need oppor- 
tunities to becbme scientifically literate arid be able to discUss, mariipu- 
late^ research^ and observe. Ariy cbriterit area will assist them in this 
manner . 

Students play an important role iri my classroom. Once the syllabus is 
established shbwirig gerieral direction for the year, students cari offer sug- 
gestions. An example is B.W.'s suggestibri that we invite his karate 
iristructdr iri to discuss acupuricture. The topic will be inserted in the 
animal diversity uriit arid correlate with development of the nervous system^ 
Acupuricture also is iricluded iri our controversial issues research paper 
list. It is riot uricdmmdri for students to suggest that we do ^ sp^^^^j 
experimerit which would enhance understanding of a specific lesson: Such 
spdritarieity adds zest to classroom life and a student caused change in the 
brigirial lesson plan may be to the teacher's advantage: Teachable moments 
should be prized! Students frequently make suggestions and if at all pos- 
sible, we honor their requests: 

Evaluation of any program is very important in order to assess the 
program's success as well as the success of individual students . Gener- 
ally, student evaluation is considered in four areas: . I) Quizzes., Scien- 
tific literacy is sought through student-generated, wordlists . Studerits are 
expected to be able to spell, define arid use each of the terms iri a seri- 
tence. 2) Creative projects. Students construct a model, write a pbem br 
narrative, or do something concrete which demonstrates what they learned 
during the grading period. They also produce arid discuss with the class a 
food prodixct which represerits what they learned. 3) Laboratory books . 
These, are examined for scieritific 1 iteracy as we 1 1 as creative expression, 
but they must fbllbw a scieritific format^ 4) Participation. it seems rea- 
sbriable that if studerits are expected to be doing Science in your class 
that ybu give them credit for their efforts. 

Students also get to evaluate the course and me at the end of the 
school year: Although this i:4Scord does not go down in official files^ I am 
plj^ed with student perceptions of what and how "things" occur in my 
classroom: Obviously, I have some rough edges, but! also cons ider that 
each individual student may perceive events differently from his rieighbbr. 

I^rogram success can be measured, in several ways. One important cri- 
terion is reference to the increased numbers of studerits electing to take 
the next level" science course offered. It is s igriif icant#that Chemistry 
has gone from one class per year to two. Additibrially, physics enrollments 
also have increased so that thr course is bffered eacn year. These enroll- 
ment dif fn^erices represerit 33 arid 50 per cent increases^ respectively . 

Mar H;;emerit in an inquiry oriented classroom requires organization. A 
level bf tblerance for a large amount of student activity is essential and 
ribise level in the classroom obviously spills out into the corridor at 
times--so do students! ^Student evaluations demonstrate that _ they aren't 
sure that i always do have control, however. On; the other hand^ preservice 
education observers indicate that they see a great deal of iritellectual 
freedom with recognizable control of other behavior., _ 

Student scores on the Comprehens iye_Te;st * of Basic Skills (CTBS) 
demonstrate their high academic ability. Their scores average above both 
tliC state and national averages. Mariy studerits receive full academic scho- 
larships at major universities; mariy studerits are cited in the Presidential 
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Scholarship prograin (any student with a 27 or higher ACT s.core_ qualifies) . 
The 1982 graduating class had five of these recipients . ^ The class of 1983 
has two National Merit Scholarship Semif inalists ; a number consistent with 
recent graduating classes. It is fair to cdhcljade that_ bur students are 
academically well prepared in general terms 'and that they demonstrate a 
high rate of success in college. 

Because we as educators understand more about learning and patterns of 
learning, we ought to provide students with as many varied learning activi- 
ties as possible. This implies that our teaching^ strategies will likewise 
be varied. The strategics employed at Model Lab School include, laboratory 
experimentation, discovery app^roaches , discrepant events, questioning 
styles, slides, f i Imstr ips ,_ film discussions, student reports, creative 
projects and discussions, library work, panel discussions, field trips , and 
guest _ lecturers . A varied style of teaching demonstrates to students that 
the classroom does hot have to be the "same bid thing" day after day: They 
tend to stay tuned in for longer periods of the time this way. 

Ihstructioh is student or iented with me as a facilitator and with stu' 
dents the focal point. If students are performing lab exercises I attempt 
to raise questions which make them think about what it is they are d. ing 
and why they are doing it as they are^ 

A visitor might observe a teacher doing a variety of things-^all 
related to the inquiry approach to learning. For example ^ the teacher 
could be assisting students in a model building activity by asking diver- 
gent and appropriate con>7ergent questions; employing better wait-time than 
perhaps the average teacher; involving the classroom students in the activ- 
ity--not just talking about what could happen; and listening to students as 
they deliver their presentations on their creative projects. Whatever it 
is that a visitor sees^ I assure you that it will be different from the 
teacher and classroom of traditional lecvure style! 

The administration encourages teachers to develop innovative teaching 
techniques. They support activities which encourage student understanding 
of concepts. Examples of this support include recognition and support of 
the extensive field- trip program instituted at Model in the Earth Science 
arid Biology programs . 

Studerits receive administrative support and encouragement as well. 
Excused release from school is authorized for attendance at Western Ken- 
tucky University's Science Career Days, Kentucky Junior Academy of Science 
and the Louisville Science Symposium. Students receive excused absences to 
attend other science related activities he_ld on the EKU campus . 

Many of the written materials that I _use in my classes were written 
with specific inquiry, processes _iri mind. I have activities organized for 
both Earth Science and Biology classes . Packets written include field trip 
activities for MaywobdsErivirbrimerital Education Center^ Red River Gorge and 
the Cincinnati Zoo. I have put together a packet of investigations used by 
students during a six week dissection unit which traces animal development. 
I also have assembled an investigative plant growth and development unit^ 

Earth Science students have many activities which allow them to inves- 
tigate maps and the process of map making, astronomy, geology and forces of 
weathering and erosion. Laboratory investigations from several sources 
have been modified to be more inquiry oriented. 

Audio-visual productions are incorporated into units as apprbpriatie. 
The Search for Solutions series is used extensively . The Shell Film 
Library, Bureau of Mines film library and Moderri Talkirig Picture Service 



42 



38 



are sources of free films used. Because of tny personal travels, I have an 
extensive slide cdl lection upon which I draw. 

Outside ispeakers are invited in to discuss selected topics and to work 
with specific groups of students; An individual will be discussing acu- 
puncture with biology classes and two or more EKU biology club students 
will again address my students on the importance of high school science and 
math courses for most caresrs--not just to become a scientist . The stu- 
dents are also informed when the Audubon Wildlife Lecture Series is availa- 
ble on campus. Activities are scheduled on a weekly basis and students 
know in advance how they may schedule their time. 

Students complete the ESCP Contour Map Model activity learning more 
about the meaning of contour lines: Qnce students understand the concept 
of slope as provided by contour lines, they move on to an activity inter- 
preting National Park topographic maps. Student groups rotate from table 
to table investigating specific features of each area. Once they have com- 
pleted this series of activity sheets we have a map interpretation discus- 
sion. Then, student pairs construct a 3-D map representing a landform from 
a contour map. Each pair of students makes it three dimensional using 
cardboard strips, colored construction paper and glue. Throiighout this 
time, students have access to their text, a U.S.. government publication oh 
topographic maps, arid a_ slide presentation which I made based on tours of 
the Wisconsin Highway Department and the map making section of the U.S. 
Geologic Survey. In an activity such .as this, students make many decisions 
about how arid when to do the activity. 

I attempt to slip into a new unit with a hands-on activity which can 
be referred to throughout the entire unit; This promotes high student 
interest; student motivation heightens and we're off^ .J^^^^^^'^M^ 
to four week unit students will be involved in a variety of activities-- 
lab experiments, student projects, library work, discussions, films, and 
slides. At appropriate places, students organize their own list of terms 
which they consider important; I assist them in the process but_ dd_ not 
direct. They do remarkably well highlighting significant terms. In fact^ 
sometimes they insert, words which, I would riot. The day before a quiz, 
which is geared toward scientific literacy^ we have a "bowl" contest or a 
modified "ball game." Orie thirig is certairi--if the class isn't any fun — 
or at least enjoyable, it will be considered as "bbririg arid tod long" by 
all of the studerits. Furthermore, the teacher's opinion won't matter. 

EVAtUATibN 

Students understand that i do not BeiiBve in memorizing facts and 
tests which measure this. Furthermore, 1 don't believe in tests. Quizzes 
in my room are used as devices to encourage scientific literacy. Each 
class makes up a word list, terms which they believe are _ importarit based on 
our discussions and activities.. It is usually _ limited to twerity words. 
Students understand that ten of these terms will be orally provided arid 
that they will be expected to spell ^ defirie and use each in a seriterice. 
pefiriitibri seriterices are riot totally acceptable; they uriderstarid that I an> 
iriterested iri their use of the term iri a seriterice. In this manner, the 
quiz takes bri a very personal approach; they can alter the sentences to 
their understanding and I discourage dictionary or glossary memorized defi- 
nitions . 
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One cbmpbrient of how my students are evaluated cbhcerhs participation. 
I believe that if a stiideht is going to perform in inquiry-oriented activi- 
ties that some credit heeds to be granted for their .involvement. I con- 
sider much of this classroom particpatibh as part of the decision-making 
procedures parallel tb thbse decisibris students w.ill_ make in later life. 
How students perform oh quizzes and cbmplete their labbaratbry write-ups 
also involves the decisibh making process. In fact, each student has to 
decide whether or not to cbniplete any assignments. All bf these factors 
result in some kind bf teacher evaluation. 

Although student achievement on the Comprehensive Test of Basic Skills 
(CTBS) has not improved significantly since those students whb are involved 
with the creative inquiry based program have been tested, it is important 
to note that the science test scores have not declined. Less formal evalu- 
ation methods include attitude ^surveys . Comments from the School Climate 
Survey a.nd scores on the Student Council Faculty Course Evaluation Instru- 
ment reflect student satisfaction. Parents also reflect positive comments 
based on what they hear from their younsters: 

The evaluation component of the program involves examination of four 
areas with an attempt made to balance right and left brain components. 
Although a true balance is probably not attained, giving students credit 
for being creative is an improvement over traditional evaluation. The 
creative projects, of course, are the highlight of each nine-week period! 
Given the opportunity to be creative, my students have demonstrated tremen- 
dous talents. Fortunate ly ^ many of these talents have been captured on 
film and have already been shared with teachers through conferences and 
jburhal articles. 

Teachers are evaluated bri perfbrmarice in several ar^as . Because of 
Model Laboratory School's assbciatibri with the Cbllege bf Educatibh and the 
related work with pre- service education majors as well as an extensive in- 
service program for practicing educators, it is expected that each teach- 
er's program will be exemplary. It is further expected that teachers will 
work well with both the students in their charge and other faculty members. 
Teachers are expected to j^eep current in their respective fields of exper- 
tise by attending and participating actively in state, regional and 
national conferences, and completing university course work.. Finally, con- 
ducting research and writing articles for publication is another category 
cons idered in the evaluation process. 

Many decisions at pur school are formulated through sharing ideas dur- 
ing cbmmittee work and pblicy is generally made on consensus. We have 
recently completed a policy manual which delineates how mahagemeht wjJLl 
take place. It is revised ahriiially and teacher input \is requested. The 
staff arid administtatibh are currently wbrkihg bh a curriculum hahdbbok as 
well. Our administrators are active prbfessibrially in \brgahizatibhs bf 
their specia,lized fields. Because they believe in the importance bf prb- 
f ess ionai involvement, they encourage and support their faculty to be 
involved as well. 

Curriculum materials are selected by department committee or by the 
individual teacher. Although academic freedom is honored, unusual requests 
are made with combined faculty-administrative input. Our school has an 
in-service committee composed of faculty and administration. Some sessions 
are organized by: the administration, however, most are organized with com- 
bined effort. Teachers participate in many special programs and confer- 
ences at other institutions and are given release time to attend. 
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A tremendous change which occurred this year was really a^^^ 
The administratibh accepted my suggestion and found it feasible to offer 
the three sections of Biology in the morning: My preparation and_ lunch 
period then precede my two sections of Earth Science. This move facili- 
tated both how students could begin classes (more punctual 5 and how I_felt 
(less rushed). The atmosphere is more relaxed. I am allowed ti.ne off to 
attend professional meetings; I am encouraged to lead workshops anddiscus- 
sions at meetings; I conduct research; and i write for professional publi- 
cations. T 

As money for more equipment and materials becomes available, 1 
would anticipate establishing a pjograi with even greater emphasis on 
hands-on activities. I hope to continue emphasizing the creative project 
involvement and divergent thinking. The student who cannot think will not 
succeed. As long as inquiry is demonstrated tgbe a valu-d commodity and 
students are encouraged to take risks, they will cohtihu^ to develop pat- 
terns of thought consistent with their ftnyironmerit . In order to demons- 
trate even greater relevance, I would like to write some moral dilemma 
situations and have students interact with their peers over the concepts. 

Our planet is a fragile sphere.. Emphasis supporting %h is premise is 
continually made in both the Earth Science and Biology classes^ Students 
discover this in some laboratory experiences , on field trips, through class 
discussions, and by observing media presentations . _ i believe students find 
the science emphasis at the ninth and tenth grade to be fun and a continua- 
tion of their earlier science experiences. Because they do not experience 
the "only good science course is a tough course" attitude once they get to 
high school, I believe they continue to feel good about science and con- 
tinue to enroll in science classes beyond the minimum requirements. 

THE FUTURE 

The science program at Model will continue to emphasize principles of 
inquiry learning . Perhaps it is slanted. toward creative expressionism nacre 
than the normal inquiry program but I believe that each teacher is going to 
put his personal stamp on the program. I would like to think that the pro- 
gram would continue to emphasize kribw ledge and learning methodology based 
on current brain research. .Individuals come and go, but hopefully good 
programs withstand the test of time. _ . 

If the program continues to reflect the idea that science is fun and 
Relevant, students will reflect this through conversation with both parents 
and peers. Students tend to discuss two aspects of education--the very bad 
and the uniqUe. Allowing students to express themselves in creative ways 
encourages risk-taking and uniqueness. I believe this does" something for 
self-cbhcept enhancement: _ . 

Another benefit to be attained by an improved inquiry program is our 
department's ability to project an image that these ideas work: Public 
school teachers will observe our strategies and classroom atmosphere during 
in-service sessions and positive changes are more likely to take place, 
the fact that our students are successful academically and also like what 
they aie doing speaks for itself while supporting inquiry teaching and 

learning. _ _ __ --- -. . t.i j 

As I reflect back over 13+ years of teaching science, m public 
schools, I see many areas where I have not changed dramatically. On the 
other hand, I believe there is one area where I have moved 180 degrees. I 
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have, always believed in inquiry as a process, arid that students learri best 
by doing manipulativr: activities. Iji my err.ly years of teaching, I never 
get to the inquiry for I was too "hung up" bri having students memorize 
facts as they were doing activities. They did riot rebel. In fact, I have 
been lucky in that my students have always appeared enthusiastic about sci- 
ence, but I could tell that they resented memorizing those fact. 

I further believe that 1 have always held_ the personal committment 
that students are important--with them the job of teaching can be pleasant 
or unpleasant. But without them, there is. rib job.. Why riot make it a plea- 
sant experience? Additionally, when students enjoy what they are doing, 
they tbo, perform in a more satisfactory maririer. 

Teachers should continue to .promote the concept of student learning 
through inquiry processes. They shbuld prbmbte student involvement through 
project completion and other activities; lecture and reading throughout 
class periods should be discouraged. Let your students know why you are 
teaching the way you are. 

Because the classroom atmosphere changes in an ipq^i^y program, the 
teacher needs to be able to handle the changes on an individual basis ^ 
Students are not always in their seats, the noise level rises, and the 
activity may spill but into the hallway. in fact, activities may occur 
throughout the building as the need arises: This will require that manage- 
ment techniques be developed and that students understand the expectations 
placed bri them. An inquiry program requires a lot _o_f _ trust ^ not mere 
faith! And, I have faith that i can make it happen. If I warited the pro- 
gram to fail I would remove all opportunities for students tb express them- 
selves creatively-in written reports, in preseritatibn arid iri classroom 
participation. i would force students _ to cbmplete assignments which 
demonstrate little or no relevance. I would give pop quizzes; I would dis- 
continue hands-on, inquiry-type activity sessions. I would lecture and 
insist that students write notes all the time. I would not show slides or 
films or allow students to play iristructional games. The room^ would appear 
sterile; no creative projects wbuld be attached to the ceiixng or be sus- 
pended from light fixtures arid the creative snack party would be eliminated 
from the curriculum. The fun would be gone--and so would I . 

An educatbr becbmes involved with many^ individuals whose cognitive and 
creative abilities extend along a continuum. It is necessary tb recbgriize 
where each student is located along this continuum and to assist them iri 
the attainment of a higher level. i view my responsibility in this process 
as that of a facilitator. Motivational, hands-bri activities, cbricrete in 
nature, will be helpful in this assistance. A humanistic attitude which is 
warm but firm, and yet which allows for freedom of chbice is necessary for 
a student to dv^-'^.lop a sense bf worthiness. This freedom with guidance 
will lead to a ^^.sitive affective behavibr, reduce discipline problems in 
the classroom and lead to an improvement in the student's cognitive abil- 
ity. The bottom line fbr the above paragraph really says-- Kids come in 
all sizes, shapes arid abilities. Work with them so they can feel good 
about themselves as they grow and develop. If one expects improvement, one 

gets imp>rbvemerit . ____ _ _ :_ 

Because teachers tend to teach as they have been taught I believe 
active iri-service is needed. i believe summer programs where practicing 
educatbrs are enticed back to the classroom and actually do the activities 
lead tb success. 
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My advice is this--dnly those teachers who see benefit in the inqairy 
program should change their programs--the skeptics establish programs in 

name only but usually do not apply the philosophical principles ; 

classroom teacher establishes the program, it too can bej:ome a model for 
other science classrooms in the building and school system. A teacher who 
believes iri the program will allow it to be successful, whereas the teacher 
who is "forced" to adopt it will surely sabotage it^ 

I believe teacher personality is a significant factor in the success 
of an inquiry program; Teachers must be willing to share authority with 
students for what will happen in the classroom. The ultimate responsibil- 
ity must still rest on the teacher, but "freedoms" are important. 

A new teacher should be selected for employment because he or she 
meets several qualifications. i believe that academic preparation is very 
important and that course work should be distributed over both the life and 
physical sciences as well as the humanities. This breadth in preparation 
should allow for an understanding of environmental issues and consequently 
the instructor can speak intelligently to most issues when necessary. 
Furthermore, this academic preparatidh should allow, the instructor to 
develop a feeling for society arid t_he_impact our techno logy has upon it. 

Some articles in What Research _ Says to the Science Teacher have pro- 
vided support for what I do iri my classroom. Attendance at NSTA conven- 
tions has helped me_ to be current iri science educatibri . The exhibits in 
computer techriblbgy have beeri particularly good for learning more about new 
techriolbgy arid its classrbbm application. I attempt to provide ideas as 
well as receive them. 

I was asked to chair a Teacher Shop Talk Session at the 1982 KAPS Con- 
ference (Kentucky Association for Progress in Scienc^) . have also been 
invited to speak before student groups on the EKU campus in various Curri- 
culum and Instruciton Department classes; i.e., "The Inquiry Approach for 
the Gifted/Talented Student," "Creativity as a Motivational Factor," and 
"Who is This Man--Piaget--and How Do His Ideas Fit in the Inquiry Program?" 

Each member of the science teaching staff is a member bf_ NSTA arid 
therefore receives the appropriate grade-level professibrial journal. 
Teaching tips and specific information provided iri each issue is examiried 
for possible incorpdrat ibri iritp our teachirig situation. Members of biir 
department have been coritributirig authors of articles in their areas of 
expertise. I believe we use these journals as bile jSethbd for keeping us 
current iri scierice education. 

Several individuals have inspired and encouraged me in jisveiopment 
as a scierice educator. Mr. Jack Curnow, ray former high school science 
teacher, continues to serve as a mentor, friend and colleague. Dr. James 
Raffini, University of Wisconsin -Whitewater , assisted me in development of 
a humanistic and humane way to meet young people and their associated prob- 
lems. Completion of his course "Disruptive Classroom Behavior" provided 
academic support to a method of teaching and an attitude toward young pep- 
pie that I believe I intuitively held. The late Dr._ _ Robert B. Surit^ 's 
belief in young people and their creative talents as well as hi^ philosphy 
for living set an example for _me_ to; fbllbw. Other Uriiversity of Nbrtherri 
Colorado, processors who _have helped shape my teiachirig philbsbphy include 
Drs. Leslie Trowbridge, Jay Hackett, Gebrge Crbckett arid Richard Dietz. 



EARTH SCIENCE COURSE OUTLINE 1982-83 



Date 

Semester, I 
Aug. 16-20 



Cbhteht 



Ihtrbduct ibri 



23-27 
30-9/3 

Sept 7-10 

13-17 

20-24 



Land forms 



Maps and Mapmaking 



27-Oct 1 Weather 



Oct 4-8_ 
12-15 
18-22 



25-29 



Nbv 1-5 

8-12 
15-19 

22-24 



Astronomy 



29-Dec 3 Crustal Forces (Part I) 
Dec 6^10 fPlate Tectonics) 



Typical Learning Activities 

1) Box Mystery (an investi- 
gative activity 

of several boxes) 

2) Creative Cartoons 
depict sudent under- 
standing; displayed from 
the ceiling) 

1) Students listen to Lfndform 
Model tape set and complete 
an activity sheet 

2) ESCP Contour Map Model 
investigation 

3) Topographic map inter- 
pretation; investigative 
worksheets on national 
parks 

4) ESCP Stereogram Book of 
Land forms _ _ _ * 

5) Cohstructibh bf 3-D 
topographic maps 

1) Group const ruction of a hot 
air ballbbn 

2) Loft helium filled 
balloons 

3) Work with various pieces 
of meterology equipment 

4) Model home construction 
and heating efficiency: 

5) Plot tornado paths 

6) Plot hurricane paths 

7) Record and predict weather 

1) Mbbius strip to demon- 
strate universe gbes in 
all directibris 

2) galaxy model construction 
ESCP 

3) galaxy card kit 

4) Const el lfli tube 
constructio 

5) Spectroscope ^.iv^estrga- 
tion 

6) Telescope investigation 
and preparation for day- 
time, and bptibhal study 
of the night sky 

7) Planetary chart cbmparisbii 

1) Wbbd blbck crustal plate 
iriyestigatibn 

2) CEEP Seaflbor Spreading 
mode 1 inves t iga i. ion 
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13-17 



Earth Forces (Part 2) 
(Erbsibri arid 
Wither irig) 
Rocks and Minerals 



Jari 4-7 
10-14 
17-21 
24-28 
31 -Feb 4 

Feb 7-11 

14-18 

21-25 

28-Mar 4 



Mar 7-11 Earth Structure (SoiTJ 

21-25 

28-31 



Apr 4-8 
11-15 

18-22 
25-29 
May 2-6 



9-11 
12-13 



Oceanography 



Kentucky Laridfbrnis 



Clbisure Activities 



1) 



Eruption of a volcanic 
island arc_systeiii 
(plaster-bf -paris model) 
r lotting volcano arid 
earthquake activity 
Map cbristructibri of 
Parigaea"* , 
Faults arid fbldirig 
siniulatiori 

Streamtable irivest igat ibris 
Ice cube glacier 
irivest igat ibri 

Streak test irivestigatibnjs 
Hardness teist investiga- 
tions 

Mineral/ rock investiga- 
tions 

Crystal growing investi- 
gations 

Rock simulation (crayon 
fragments ) 

Periodic Table investiga- 
tibh 

Flame Test (ibri irivestiga^ 
tipri) 

LaMotte Soil testirig of 
samples 

sbil sturctiire (sieve arid 
particule size investiga- 
tion) 

Soil saturation investiga- 
tion 

Soil box construction 

Cor io lis Forces 

ESS colored solutions 

density lab 

Plot ocean depths iri- 

vestigatibn_ 

Graph profile of state 

(^ iritersectirig liries 

tb get a "feel" for the 

state's relief) 

Cartooning "What You 

NOW understand 

Earth Science 
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ehapter 4: Inquisitive Chicks: 
An Inquiry Program for Primary Students 



By 



Judy Holtz 



Westchester Elementary School 

_12405 RoyaL Palm Blvd 

Cc-al Springs, Florida 33065 



The primarily middle-class population of Coral Springs supports good 

education programs arid is equally critical of those 9^ which it does not 

approve. The cdmmuriity is growing rapidly, due in part to the high quality 
of education offered by the schools in the area. This city of 100,000 has 
few commercial areas and, although most wage earners commute to other 
areas, this is a community with high involvement in many areas of concern 
and action; education among them . Many of the teachers live in the immed- 
iate neighborhood and programs taking place in the schools are well publi- 
cized in area newspapers. It is, indeed, both a_cbmmuh_ity and a school 
where an enriched science program must be taking place. These parents are 
concerned with science literacy and many students are likely to choose a 
science oriented career. _ - 

Westchester Elementary, a ten year bid school with forty teachers, ha€ 
800 students in grades kindergarten through five. The budget does not 
allow for a science tear ler so that responsibility lies with the classroom 
teachers. The academic program is excellent and. the teachers and, ad^iinis- 
trative staff are of an exemplary caliber^ and administrators put 
in raariy hours of work beyond the school day insuring an exciting experience 
for students at every grade level; A science room was provided but is used 
now as a general classroom instead. We are in the process of establishing 
an Outdoor Learning Laboratory area, funded by a mini-grant ^ where students 
will participate in environmental activities. This ,_ again, J.s being done 
by classroom teachers rather than a science specialist. There is miich 
pride shown by both the staff and students and parental involvement is very 
high> __ ■ ^ ^ ^ 

Our students i generally from affluent families, ate p r e^offllnlnt ly 
white and represent a broad range of ability. Reading levels range from 
pre-primer brie to fourth grade level in out first grade class jnid jnath lev- 
els are about the same. The children are very eager to iearn and have a 
good attitude toward education, a reflection of home atmosphere and posi- 
tive school experiences. We £.re proud of our annual PTA supported Science 
Fair because many students participate and our district entries do very 
well. Much interest in research and problem-solving has been generated by 
the fair and students love the awards provided by the PTA. 
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OUR BEGiNNlNGS 



My bid program did not include a deliberate inquiry approach; ; Alt- 
hough the Health curriculum for the district does include hatching chicks 
as one suggested activity, up until this year our first grade had not 
hatched chicks, nor had it been done, es far as we knew, in the school pre- 
vious to this time. In fact I had not done any animal behavior experi- 
ments. Most of the inquiry in my classroom consisted of activities in the 
area of physical science and plant activities. ^^^^^^^Yi "y_ P?°?^^ 
consisted of many activities and, reflectively, a number of inquiry activi- 
ties which I did not recognize as such at the time, i also relied more 
heavily than i do now on textbooks for guidance as to what method to use in 
teaching a concept. Most of my guidance usually led to "right or wrong" 
questioning rather than true open inquiry as 1 now believe it should b€5 
done. Science was taught as more of a separate content area and not as 
much integrating was done as 1 nov, feel is best for students. _ 

Even though my program was not as good as it could have been^ I did 
have considerable freedom as far as how to teach. For_ instance I used a 
different text than the district because, I felt the children heeded a more 
challenging program than the one adopted at that time. Most teachers, me 
included, followed the general district rule requiring all children to have 
60 minutes of science instruction each week. 

While I felt capable arid comfortable with the bid prbgram, I sensed we 
needed sbmethirig that wbuld stir the childreris' interest and help theca 
learri irivest igative skills. The children needed to learn how to identify 
arid sblve prbblems and use more skills in <iata collecting. ^^?P^i?Si 
bbserving and other process skills^ ^^^^f. A^^^^^JS concepts 

relating to their environment and students were not aware of when they were 
using their skills. 

We were involved also with a creative writing program and 1 began see- 
ing science as a good way to help the children use investigative skills 
while providing a good ''research readiness" program^ complete with composi- 
tion skills. Science was to become one way of jfre_aching_ basic skills such 
as reading and mathemalics in our elementary schaol. I felt childreri could 
be more stimulated to learn and enjoy the excitement stirred by iriquiry. 

It all started with apples ^ baridaids, arid an aritiseptic that didn't 
work. Dr. Naricy Rbmarice, Broward Cburity Science Supervisor, introduced me 
to the joy of teaching scierice through problem -solving techniques. Nancy 
ericburaged me to go bri arid find why the antiseptic didn^t work while shw- 
ifg me how to gain value from failure. The children may not have learned 
what I intended from ^h?^ _^xp??i^^c^ ^_ ^'L. ^^^^^ learning from it. 

After her orientation, it seemed that with every activity I did with my 
cnitdren,*""^^ wanted to do more. It became such an enriching and rewarding 
experience that i wanted it to be better and bettcsr and bettcsr. 

My joy about science as inquiry and my realization of c need _ for 
change in my classroom came about rather suddenly through a course which 
changed my rationale for _ teaching an^d my philosophy of learriirig. Dr. 
Romancej the ihstructpr o^f _ "Teachirig Elemeritary Science*' at Nova Uriiver- 
sityj, shared many delightful experiences she had had with her students and 
showed projects ^arid materials prbduced by severith and eighth graders; many 
of which the average studerit cbuld ribt db until cbllege. The high level of 
kribwledge achieved by sbme bf these youngsters was astounding. 
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Even in a school district with 8000 teachers, Dr. Romance _has always 
found tim^ to encourage me arid serve as_ a resource person for all my activ- 
ities arid is the individual from whom I learned, inquiry teaching arid prob- 
lem solving techniques. She also has arranged mariy workshops^ including 
one by Dr. Milo Blecha of the UriiverSity of Arizoria. Dr. Romance has been 
the force behirid most of the Science groups arid brgariizat ibris iri the county 
through which I have met many_ other science teachers who answer my ques- 
tibris, stimulate me, and even loaned me a chicken brooder. When I ran into 
a problem about an egg weighirig less bri the 15th day than the 10th, she 
provided suggestioris leading to explariat ibris . Tb this day, she continues 
tc be_ a great sburce of irispirat ion . 

Dr. Blecha gave nie the idea bf lining chicks for experiment itig and 
taught me iriquiry techniques. My first grade team-mates iriade the whole 
program even more fun wHeri we all hatched bur chicks and they donated them 
fbr the experiirent. I had many nbthers who volunteered their time in ray 
classroom helping children with the lessons for the chicks. Donna Stxiii, a 
teacher at Hallandale High School, loaned us a chick brooder, a^ piece of 
equipment essential for any activity of this sort and Jiot standard at most 
schools. Last, but not least, were the joyful faces of delightful children 
giving me the only reward 1 really needed. They and their chicks are the 
real stars of this program. 

After 1 learned how to use a number of teaching skills through parti- 
cipation in workshops, teachers who participated with me in the hatchirig of 
chicks learned with the children. We used books frbm the media ceriter arid 
films from the county film library. I also was iriserviced iri creative 
writing by Clarice Lynn, a teacher at my schbbl^ arid used many bf those 
writing . techniques in dbirig creative writirig arid cbmpbsitibh activities 
related to our "Inquisitive /chicks." Nbw that teachers on my grade level 
have experienced ti.J program arid beeri irivblved iri watching the Progress of 
the chicks arid the childreri they seem to be considerably more comfortable 
while teachirig scierice with ari activity approach . ' 

My actual charige took place over a few y^^^s, of gradually learning 
how children learn through inquiry and discovery. i tried many science 
activities in my classroom and had considerable contact with secondary sci- 
ence teachers and supervisors. These experiences and contacts irispired a 
constant updating of my^ teaching skills through college courses arid iriser- 
vice courses. The more I used these new techniques the more inspiration I 
had and the more creative I felt. _ ... 

In changing my classroom,, I wanted to design an activity from which iny 
children could learn skills of prbblem ideritif icatiori arid sblvirig, measur- 
irig and graphing, arid Lariguage Arts . Albrig with this, I wanted them to 
have freedbm arid cbritibl over their bwri invest igat ibris : Students were to 
be free tb try what they pleased and to find answers to questions of their 
bwri. They were tb decide what direction the class would take. 

My classroom has individual desks each child. The room is 

arrariged so that there are eight centers of activities. One is a sciericii 
ceriter where there is always at least one inquiry activity for the childreii 
as well as books, filmstrips, microscope, and other science materials. The 
classroom is equipped with a sink but no other lab facilities. The walls 
are covered with colorful backing paper and bulletin boards are all_ aroiirid 
the room in every available space. _Science prb^ect displays bf class" 
activities are displayed throughout. These show how the childreri use dis- 
covery and inquiry to learn a concept. The bther learning ceriters iriclude 
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reading, mathematics, art, writing/spelling, tnanipulat ives , library, 
listening, and directed reading: 

"inquisitive chicks" would not have been possible without our princi- 
pal, Dr: Loretta Smith, who 'allowed the chicks to remain in the building 
for an extended amount of time and frequently brought visitors to the 
classroom to oserv2 the investigations; This allowed the children to get 
feedback from outsiders and answer their questions; Many times the outsid- 
ers were skeptical of th^ chicks' capabilities*, providing children with a 
chance to "prove*' how smart their chicks were. 

The Fort Lauderdale News and the Fortim newspapers are very eager to 
report the news of our educated chicks. They have done v^ry nice pieces 
where the children were featured with the chicks and a good explanation of 
the program was summarized. Such community support is a very important 
aspect of our program. Parents were very much involved with the lessons 
for the chicks. They helped the children write their observations and sat 
with them while they trained the chicks . 

GOALS AND ACTIVITIES 



I want students to use investigative skills and to recognize how vari- 
ables inay affect the outcome of experiments: I also want children to 
recognize that all individuals are different. In doing^ the activities, 
students make observations of their experiences, record*^ them, and compare 
data with others. Conclusions based on data are formed; Then, language 
arts skills are used in expressing ideas; Students recognize that learning 
is the outcome of a process and can relate that learning to their role in 
the environment and appreciate natural phenomena. I want students to 
appreciate the value of science in our society and desire to learn more. 

I want students to begin noting, that motivation is_ a factor in learn- 
ing and that individuals _ J.earn _ at different rates. V?heri another inquiry 
activity is iht reduced ^ the children should be able to do more independent 
investigations, form questions to be answered, form hypothesis, and take a 
greater part in the development of procedures used to solve problems^ 

"inquisitive chicks" begins with children choosing a problem and using 
inquiry for observing, data collecting, analys^is, and so lut ijDns ; Students 
cooperatively decide what they will do with their chicks and then design 
and carry out the experiment. The chicks are their charges. Students work 
on their own or in small, cooperative groups and are free to do investiga- 
tions they choose. As students work, their perceptions of the investiga- 
tions are accepted and not judged ri^ht or wronj. 

First students hatch chicks while comparing the deyelbpmerit of the 
embryo to descriptions in books. Students ^ in groups of four, then decide 
what they want to do with the chicks '^ahd began plahhihg arid doing the 
actual investigations. Nbtirig results arid makirig cdriclusidfis from the data 
lead to graphirig arid recbrdirig data. After experimerit irig the children dis- 
cuss whrt happeried arid we decide how we could show other people what we had 
learried arid cbricluded. 

Students learn that some chicks, iik^ people, learn at different 
rates. The students who teach the chicks that do not Jearn are not disap- 
pointed in thetn as i had expected. The children whose chicks do learn the 
appointed task don't brag about it or try to make the others jealous or 
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feel inadequate. I feel very good when I see my students growing in 
bmbtibhal maturity. As they s^e the role of motivation in chicken learn- 
ing, they also come to see how their own motivation affects themselves; 

By being a behavioral experiment the pro/iram teaches how behavior is 
altered by motivation. The chicks adapt their behavior to eat and, when 
the chicks are riot interested in eating, th^j children withold food for a 
few hours, control ling the environment. Tlie children learn how to develop 
alternatives to situations. This program not only develops studenc under- 
standing of individual differences and rates by seeing tha.t some chicks 
learn and some do not, but of the chicks that learn, ail take different 
numbers of lessons; 

After the first year program was finished, i found out about T§ little 
egg farm which we could have visited and will with our next year's class. 
Many egg farms do not have fertilized eggs, so it can be hard to find them 
in some regions. Certainly, other areas have magnificient potential for 
field trips . The Broward County Media Productions Department photographs 
our material .and makes filmstrips for us. It was difficult to find a 
developer, but we finally found one that would develop and _ process the 
filmstrips at a reasonable price so that each had to pay only $3.00 for 
their own copy. 

Although no textbooks are_usedj I do use the directions from the incu- 
bator on how to hatch eggs. The children also compile a list of resource 
books used ^including: Window Into an Egg, Geraldine Flanagan; The Llttld 
Red Hen, Paul Galdorie; Wait and Se^, Gbristaritine Gebrgiou; Egg to Chick, 
Millicerit E. Selsam; Chicken Little Count-to-Ten, Margaret Friskey; 
katies's Chickens, Nancy Dingman Watson; Chicken ticken, Kenneth McLeish; 
and Hprton Hatches the Egg, Dr: ^^;°^ss: Films whicji students like 
include: The Red Hen An Egg Becomes a Chick, Chicken tittle, Cfijcks 
and Chickens, Eggs to Market.. The films and books review concepts 
already taught rather than being a primary teaching resource. 

IN OUR CLASSROOM 

_ _ nquis it ive chicks" integrates Language arts ^ math, arid scierice 
skills for about 10 hours per week for a two arid brie half month period. 
Duririg this time children incubate eggs, number them for turriirig arid turn 
them four times a day. Each chick is marked with an identifying ^olor on 
its wiilg feather arid each egg is numbered 1, 2, 3, 4 around the middle to 
facilitate turning. Students arrange for the ^:ust<:?dia^ to turn the egg^^ at 
night and the teacher takes 'them- home over the weekends: Children are very 
concerned that they might break £tn egg. The whole class researches how the 
egg is developing and keeps a list of all obs 3rvations . They write a brief 
statement on a chart as development proceeds. Students weigh the ego:s ^ 
record the data and think about the data. When children realize that the 
eggs are lighter oh day 15 than day ID they are asked to make up explana- 
tions. After wei^hih^ the egg again, "Were the hypotheses correct?" The 
students observe hatchings arid write creative stories such as *^How I Would 
Feel in the Egg on the Twerity First Day" or "Gettirig Outl" 

Studerits also record how many days are needed for iricubatibn and make 
decisions about what they warit to do with the chicks: Last year, my class 
decided to teach them colors, since, of course, the chicks were in school. 
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« ... 

So, they made a school for the . chicKs and prepared colored boxes. The 
class was divided into groups, of four childrciij each with a chick. The 
children named the. chicks_ and each small g^bup decided what color they 
would teach their chick. Each group kept Records in their own folders. 

To teach color to the chicks students put three boxes in the . school ; 
the correct box has food. Chicks are puat in the box and allowed to eat : 
The lesson lasts about 15 minutes and the students withhold food until the 
lessons are over for the day. These lessons go on as long as needed or 
desired. Our students spent two weeks last year, but seven weeks this year 
oh this activity. When the chicks are being given lessons, the children 
are respbns ible for pitting the chick back into the brooder and cleaning 
the teaching box for the next group. This year, students worked in groups 
of four, each grblip deciding what their chick should learn. Two days after 
the chicks have hatched the children, as groups, have generally decided on 
an experiment . 

Day 1 - Teacher will write. Chicks (can or^ cannot) learn because... 
The children answer this question and give support with some facts they 
have learned about chicks during the unit of study. Their hypotheses are 
collected and put in a book. Each child will read his or her hypothesis 
and be able to compare it to the others. __ _ 

Day 2 - The children paint a box where the chick lesson Tyill take 
place. We have six different colored construction paper boxes with doors 
in the sides. _ _ _ _ 

Day 3 - The children, in groups of four with their chick, design a 
scheme to teach their chick _'n the_ "school". They have to learn bow to 
teach a chick. They _ put food in the correct box, put the ehick in, and 
allow th^ra to eat. If it does hot go to the correct box, it is put in 
again. This process is repeated until the chick learns. After the lesson, 
the children write observations describing the behavior of the chick. 
These are kept in a folder. 

Day 4 - This is a repeat of Day 3. Most of the chicks are not inter- 
ested in the food and ire not eating. At a class discussion we will decide 
how to solve our new piobiem. Last year we kept the food tray closed until 
the rhicks had their lessons, _ 

Day 5 - Same as Day 4 and we continue until the chick learns. 

During the hatching students make one book based ori_ their backgrouhd 
information of how the chick develops inside the egg and aiibther book of 
diagraiDs showing the development. Student record books show their results 
of eacli lesson and include the number of lessons given to each chick, the 
task being learhed,^ and how many lessons it took chicks to learn. Data is 
c6mpliled_ from each group of children arid put in chart and S^aph form. 
Because there is a high involvement of parenr volunteers, the lessons are 
able to take place concurrently during the reading time; 

Students draw graphs showing how many lessons eagh ch^ick was given and 
how many lessons it took to _learn the task.. Students review the results 
and write their conclusion as to whether they think chicks learn and why. 
They must include a bibliography from our list in the library. A class 
experience chart is written at the end of the experiment to record proce- 
dures used for the experiment and students also make a filmstrip, about how 
the chick develops inside the egg. _ This filmstrip, can include the content 
children learn and individual conclusions indicating that mot ivatibh vis a 
factor in learning. 
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Students name the chicks, decide what to teach the chicks , arid design 
and build the school for lessons. Students also make observations each 
day, write their own hypotheses, make diagrams of the chick development, 
arid carry out the lessons for their chick. _ . 

Whbii there are problems the children try to solve them themselves and 
discuss among themselves the possibilities of solutions. Kathryri Drake, 
another first grade teacher, did an experiment to firid but which cereals 
chicks like best. Her class learned chicks over-whelmirigly prefer oatmeal. 
So my children decided that they would use oatmeal iri the lessons for added 
motivation. Perhaps if a number of different activities for experimenting 
with chicks were outlined and given to _teachers , they may have a source 
from which to choose and guidelines _ to follow. It is not hard to do and 
has marveions results. All the results are recorded so that ea--h class may 
share them. Each year , as new students do this act ivity, they may choose 
something else to do with the chicks. It will be that class's decision. 

The content e:mphasizes how a chick develops in the egg and stu- 
donts are taught what factors rieed to be present in the incubation and how 
this compares with natural incubation. Then, as each day passes, the chil- 
dren learn through observatibri arid reading how the embryo is developing^ 
The facts are written ori a chart and displayed in the room where it can be 
observed and reviewed. The children also learn that a chicken is a bird 
and learn the characteristics of that animal. They identify, other ariimals 
as being birds arid listen to various bird calls of South Florida. As a 
review, the children make a filmstrip with each child prbducirig brie frame: 
This filmstrip teaches others how to incubate and how the chick hatches 
from the egg. The filmstrip is photographed,, processed, arid given to each 
child as well as shared with other classes. One filmstrip is placed in the 

school media center. 

The children won a ^'superior" award fbr th- Westchester ElGmentary 
Science Fair and won first place in the Broward County Science Fair in the 
category Glass Projects, Life Science. The project was also awarded run- 
ner-up for best in show. Many bf the children entered posters in various 
contests and won individual prizes. Six of my children also won prizes, for 
individual entries in the Science Fair. And, not only do they do_ well at 
fairs, last yeai: my students were one year above grade level on the Cali- 
fornia Achievement Test. I also evaluate their problem solving skills by 
their perfbrinarice in subsequent inquiry activities^ Evidence bf achieve- 
ment is evident in students interest in science and a shbrt achievement 
tes-. Ori this test fifty-five percent of the childreri uriderst^vod that food 
was the motivating factor that affected the chick behavibr. Five percent 
attempted to provid^ a rationale as to why some did ribt learn the color^ 

The child's participation in the entire prbject is used to determine 
success in most instances. A good inquiry teaching tool not only helps 
children find answers, it also stimulates more questions and motivates 
additional problem solving as a result. 

After completing this prbgram, students better understand problem 
solving techniques and are able to pursue questions raised by the_ir own 
activities. I hope mbre interest will be generated in Science and Science 
teaching so that elemeritary school classrooms can see more inquiry teaching 
in the future. 

No budget was provided for this program but . it _i_s_ very inexpensive. 
Eggs are $5.00 a dozen and brooders are about $50 . 00- ^ ^ 00 . 00 Thrbugh inser- 
vice arranged by Dr. Nancy Romance, Science Supervis-^', and Jim Carswell, 
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Curriculum Planner, i have shared this program with other teachers in the 
couhtyi state, and nation. 

As bur program changes, we are emphasizing more problem solving and 
inquiry. In the past year I have used this method where I never had before 
and I have found that much subject matter is easily adaptable to this 
method, particularly as 1 became more familiar with questioning techniqueis. 

With the excitement generated by this program and the interest 
shown by supervisors and the general public, other teachers have become 
interested in the techniques. 1 intend to continue using it in ray inser- 
vice presentations, as it has already been presented locally, at our Flo- 
rida Association of Science Teachers Convention, and at the 1982 National 
Science Teachers Association meeting. It is my hope that some of those 
individuals use this program in their own schools. 

Teachers provide the materials ^ resources, and facilities necessary 
for the students to perform lessons. They also arrange for parent volun- 
teers to help children with lessons and provide observation forms so that 
the children can make dbservatibris and record them quickly and with maximum 
ease : 

The teacher *s role is to act as a cbrisultaht to the children, helping 
them locate materials such as films, books, filmstrips, and magazines avai- 
lable in the school and community about the hatching of chicks. The 
teacher should lead informal discussions with the students to assess how 
much the children know about how chicks develop. The teacher should also 
raise questions about what students see, how they think it is happening, 
and what they think will happen. Discussion usually reveals that they know 
nothing about the subject and provides an opening leading to background 
information needing to be covered with the students doing as much of the 
research as possible. When asked how big they thought the chick was at the 
beginriihg of incubation^ students may guess as big as the egg itself. They 
envisidri the chick fully grown , wait irig for the time to appear. By asking 
questions such as "How big is it?" and "What does it look like?" the chil- 
dren have questions to answer and begin to find but bther information arid 
make guesses about what is happening each day. When evaluating the pro- 
gress of children, the teacher should assess what heeds the children lave 
and provide for them to become better educated in the area where 'zhz heed 
is shown. 

The teacher must model inquiry techniques. Students must find out 
rather than be told and must ask questions of the teacher and other stu- 
dents. They should be willing to risk a guess and recognize mistakes with 
all ihfbrmatibn noted and recorded for future reference. Students should 
advise the teacher of materials needed and feel free to do self -initiated 
invest igatibhs . If a quest ibh arises ^ the teacher must not answer or eval- 
uate it; she shbuld help the children search for answers. When doing this 
activity with young chi Idr eh , they may hot yet be prepared tb pose the 
problem themselves , they may heed help. Ihquiry methbds range from teacher 
posed questions to complete freedom for the studehts tb pose their own 
questions of jnterest and pursue the topic. The teacher must aid the stu- 
dents in the Pjoceckir^s for investigation in order to teach them hbw tb use 
inquiry. By repeatedly dealing with different curricula in this manner, 
children will grow into expert problem solvers of the future. 

_ The advice I would give to another teacher is, learn along with the 
children, let them know your hypotheses, as it is fun for them to find out 
you don t know too. They feel more free to investigate rather than to give 
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the right answer when they think you don * t know it and you are learning 
with them. 

if 1 wanted to make my program fail I would tell the children exactly 
what they should do or simply teach outcomes rather than how to identify ^ 
investigate, and solve problems. . . _ _ 

A new teacher should have knowledge of good quest idhirig _ techniques arid 
be willing to let the children do _ activities rather thari be told. They 
should have a background in scientific process skills and what they are arid 
should have used them in some way during their urider graduate work. 

The skills of inquiry teachirig should be iricluded iri uridergraduate 
work for Elemeritary Educatibri certification arid more school districts 
should be bfferirig iriquiry techriiques thrdugh iriservice. 

Through workshops , I learried iriquiry techriiques . I also have learned 
by giving workshops to other teachers arid fdurid mariy usirig the approach in 
their classrooms. I plari to cdritinue giving these workshops in the future 
so that teachers may share these experiences with their children: However, 
I do feel teachers should be paid for this kind of training. _^_6jhaps some 
extra funding could be made available for those elementary teachers who 
would like to develop their expertise in problem solving and inquiry. 
Through bringing in outside experts from colleges, we could have a good 
inquiry program throughout the school districts of our nation and thus make 
more students able to use inquiry. _ 

dther than those awards and recognition given to me and ray children 
through organizations, the intrinsic value has been to see children learri 
on their own and discover new relationships among the world arourid them. 

In addition to winning awards we have had articles iri the ForUm 
Newspaper and the Fort Lauderdale News, Miami Herald, arid Quad City 
News, We have letters from the Attbrriey Gerieral of The State of Florida, 
Seriator Lawtbri Chiles, arid Educatibri Cbmmiss ibner Ralph Turlington. Recog- 
riitibri frbm the Brbward Ccurity School Board and the Florida Association of 
Science Teahers^ Outstajidin^ Educator Award, 1982, have been most raemor able. 

From Science and Children I have adopted m^ny good ideas for my 
classroom. I have also had an article published in it . I feel it is 
important for classroom teachers to present their ideas to others in the 
science education community. From other teachers I learn of childrens' 
needs and how I might meet them. This is professionalism in action. 
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Chapter 5: Science Projects Seminar 



By 



Ann Juistus 



Camelback High School 
4612 N: 28th St: 
Phoenix, AZ 85016 



Camelback High School serves northeast Phoenix, a cbmmuhity of middle 
and upper-middle class population. However, the school district has an 
open-enrollment policy which allows students to attend any school; a^ policy 
resulting in a considerable influx of students from other areas. The stu- 
dents' needs and abilities have dictated a strong academic program stress- 
ing preparation for college. While student population in bur area has 
decreased our enrollment has_ been rather constant around 3000 because of 
increased numbers of out-6f -district students. 

Par_ents and cbmmuhity strongly support the school philosophy and pro- 
gram.. This support, a qualified faculty, and an efficient staff have 
helped Camelback High School earn the reputation of being an excellent 
school even though in the past two years three schooi^s in the district have 
been closed and litigation is forcing one of the inner city schools to be 
reopened. This; has created growing tension among students and faculty as 
involuntary transfers appear likely: __ _ _ 

Our students in grades 9 through 12 are served by 150 faculty members, 
11 counselors, and 30 staff members. The original buildirigs_ are 30 years 
old and several new buildings have been added as heeded. The structures 
are typical desert, pre-energy-crunch , styles --lone, twb-stbry, bne-rbbm- 
wide buildings, each room opening outs ide and with wide overhangs protect- 
ing outdoor lockers. All rooms have many windows. There are two newer 
science, rooms i seven brigihal ones, ah inadequate po£"table building^ and S 
tob^small ^reerihbuse. Labbratbries are satisfactory and well equipped and 
the atmbsphere is generally academ.ic with pleasant stuc^tut-student and stu- 
dent-teacher relatibnships. Although only one year of science is required, 
75% bf bur students are taking two years of science. 



OUR BEGINNINGS 



After special education for low. achievers was state-raandated , there 
was increasing recognition of the need to provide special education for the 
gifted as well. The state Departraeht of Education had set standards for 
the gifted, and^ ten years agb , the district recognized that there were a 
considerable number of students being neglected. So , when the district 
initiated a program fbr gifted students, each school j:hc)s^ a plan to best 
meet the heeds bf its students. This was a new program for the eleven high 
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schools and each developed a Unique approach. At Camelback fdiir teachers 
and a counselor determined that we needed fblir iridopenderit study seminars 
as an appropriate begirming . Science was brie of the seminars. We called 
it "Science Projectis Seminar;** 

When I first was asked to atterid a meetirig to discuss the possibility 
of gifted classes I assumed nothing would come of it. The fbl lowing summer 
we had a workshop to plan the seminars for the riext year. It was rather 
sudden to me because I did not expect it to actually happeri. Wheri it hap- 
pened, I had complete freedom in choosing the objectives and 6 ,tivities of 
the Science Projects Seminar and I did so with considerable input. 

My initial inspiration was the challenge of developing a new prograin, 
a program with no precedent in our school. It was also an inspiration to 
have this expression of confidence from the administration. Many of my 
ideas came about in a series of workshops, although I have gained several 
useful ideas from journals such as The Science Teacher, 

Many ideas came from the counselor in charge of the gifted, a person 
who was a constant source of help with enrollment, budget, and encourage- 
ment as was the science department head who helped me establish the class 
in the science, department . On other campuses the gifted program frequently 
was separate from all_ departments --a separation which is not optional, in 
my bpiriiori. Many members of the science faculty were helpful with equip- 
ment, expertise^ arid ideas. Even my husband_was _ helpful _runhihg errands 
arid prbvidirig uric'erstaridirig that develbpirig Tlie Scierice Projects Seminar 
was riot ari easy task. 

A prelimiriary workshop just pribr to the bperiirig of school established 
goals, objectives, arid iriitial plaris for the gifted semiriais. The semiriar 
itself began with five or s^ix students and grew steadily as gifted studerits 
were identified. The first year was difficult for me as well as the stu- 
dents. We were ail frustrated by the unstructured independent study; they 
wanted me to tell them what to do each day and i wanted to tell them. But, 
making their own plans was an important part of the planned program so i 
persisted. Needless to say, most of that first year was spent doing what 
they already knew how to do--literature research and report writing. I was 
bored; the class was dull^ lifeless, and hot capitalizing on the real 
excitemerit of science arid research. So, I began encouraging and rewarding 
labbratbry research. I have continued in this direction ever since. 

By the fourth year several students had projects eritered iri the 
Regibrial Scierice Fair. Althbugh the results were riot great, a second arid 
fourth place, they did provide aii impetus for sbme studerits. Truthfully, I 
was often quite unprepared to help them with their preseritat ibris but, after 
the first effort I realized, as did the students, that my studerits could do 
as wej:i as what we saw at the fair. I also realized I must emphasize 
research specifically leading to projects for competition. This was the 
point where i finally let go of my ties to the traditional structured class 
and became more willing to give students the freedom necesary for truly 
doing science research. I also realized that I had not let the class 
becbfhe different enough to warrant its purpose. If the students were not 
havirig a unique ahd_ special experience then. they were not making the most 
of their talents and the class and I had failed. 

As a result of my ideas leading to changes in class structure, in 1976 
we had better results at the fair with one student wlririirig fir^t place iri 
his section arid a fbur year schblarship tb the uriiversity. The riext year a 
studerit wbri the sweepstakes arid we fburid the great reward bf atteridirig the 
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Iriterriatibrial Science and Engineering Fair where he won three awards . That 
momentum has continued into the present Science Projects Seminar. Still, 
experimental research is not required but is strongly encouraged. 

I developf^d the Research Projects class by trial arid error arid consid- 
erable literature research and study. Our workshop, material made many 
references to gifted stadent§ which I f ound_us_el.ess . I kriew what they were 
like and their characteristics but, what I . didn* t kribw was what kind of 
work to have them do. From the beginning changes have beeri constant with 
some being made on an intuitive basis., some based nn studerit suggest ions , 
and some because a change was obviously needed. I was fortunate in having 
a broad background in the sciences, but I still feel quite unprepared for 
some of the things students choose to_ study. When I am at a loss , i look 
elsewhere for help. I even hired my daughter to write a math and computer 
unit for the first year. 

For several years seminar teachers had one less class and two prepara- 
tion periods to enable a more reasbriable operation of an independent study 
group. During that time, I taught three advanced chemistry classes and the 
Projects class. For the pas^ two years, though, J have had to give up ^ the 
second preparation period arid teach another cheraistry class. I consider 
this a removal of support and lack of recognition of the excess work 
required of extension and serious laboratory work. For several years also 
there was a small budget for the entire gifted program because of state 
aid, but now that has been reaiiocated. The class is supported brily from 
the science budget and subsidized by my time after school hburs arid on 
weekerids . 



OUR PROGRAM 



Science students need to uriderstarid the regularity of nature and how 
these regularities are bbserved, explained , explored , and measured. Stu- 
dents must understand the wbrkings and natnre of science . It is important 
for young people tb recognize the pervasive role of science in our past, 
present, and future development and the effects of science on progress and 
human endeavbr. They need to know the scope of career choices in science 
and techriblbgy and recognize that they will eventuaUy^ iriherit the respon- 
sibilities of sustaining and continuing the "good life** they ribw have. Not 
many will become scientists but they all will, undbubtedly, be confronted 
with decisions of a scientific nature which they must make with knowledge 
and reason and an understanding of their owri embtibris. 

Science literacy is a key to making these decisions. Ail students, 
including the college bound, rieed tb have as good a preparation in science 
as can be given. This is not just cbriterit; more importantly^ they must be 
able to use and appreciate scierice. Students learn and become more prof i- 
cient in selecting arid directirig their own study, in keeping records, and 
keeping up with riew developments: Students share interests ^ ideas, and 
problems with a grbup arid then apply concepts to problems they. have_ ideriti- 
fied. Researchirig the scientific literature and writing a technical repbrt 
emphasizes the diversity and complexity of science. 
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SOME GOALS AND OBJEeTlVES FOR THE SCIENCE PROJECTS SEMINAR 



GOALS: To provide experience in self-selected and self-directed 
science activity. 

1. To encourage students to engage in resecTch at their own 
levels and to develop self reliance in pursuing individual 
interests . 

2. To promote activity in a) applying concepts from regular 
science _c lasses to other situations, b) more in-depth 
study of the concepts from science classes^ c) exploring 
materials hot used and ideas not emphas ized in other sc iprice 
classes , arid d) use of specialized science equipment . 



3. To establish methods of record keepirig arid preseritat ion . 

4: To maintain an atmosphere of interest in riew developmerits 
in science and technology. 

5: To encourage the sharing of interests, ideas and problems 
with a group ; 

6. To provide an opportunity to explore science-related careers: 

7. To encourage participation in science competitions. 

OBJECTIVES: The nature of independent study precludes a definitive 
listing of objectives. Activities will be so devised 
and directed that a portion of these performances will 
included for each student. The seminar activities 
enable students to work independently as they: 

1: Choose and cooperate in planning a program of study, 

2. Show active continuity in a chosen study program: 

3. Devise laboratory experiments, collect data and 
present results in writing (and orally to the group 
if of general interest . ) 

4. Show skill iri use of specialized equipment. 

5 . Demonstrate prof iciericy iri use of the computer 
and programming. 

6: Research the literature for selected topics to a 
suitable degree: 

7. Participate in group activities of common interest: 

8. Make evaluations and judgments based on appropriate data; 
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Present final results in writing arid to the class, ind 
through competitibh 



The class has high ability freshmen through seniors, many gifted, but 
all with a special interest in science. Students may take the class as 
many years as will fit into their schedules although, in the ten years of 
the class, only, two students have been ifi the class a full four years. 
Many students elect more than brie year though. The class usually numbers 
around 2D and student attitudes are positive because they lik'&NJ:he freedom 
and scope of a small arid somewhat unstructured ciass^ they feef special in 
the class and have considerable intellectual freedom to pursue their own 
educatibri. 

Some students spend a moderate amount of money on projects, but most 
rely bn what the school nan supply. if special equipment is needed, then 
studerits must supply the funds. This is one of their choices. 

Students in the projects class experience a considerable rarige bf peer 
interaction and levels of ability. With freshmen to seniors, uriusual wbrk- 
ing conditions, and a climate of increased personal respbrisibility , many 
positive interactions occur. _ 

At the beginning of the year we go thrbugh a decision-making process. 
Several local plans for future development are presented, placed on a large 
city map, discussed and then voted on. The students have been designated 
to vote as teenagers, senior citizens, bus iriess men , cact i , air^ water, 
f-armers, desert, or any other variable which makes sense to them. Each 
states his reason for his vote- -bririgirig up many science-related problems 
and issues. Issues that are in the news at the same time get special 
emphasis. This fbcus on sbcial issues and careers is a way of getting the 
class to work as a unit arid getting some issues in front of students., Nb 
other specific emphasis is given to careers although an occasional film br 
speaker provides awareness of a particular occupation. I do hbpe they are 
seeing a happy, eager, and professional science teacher all the time. 

Science as Inquiry is the major activity and purpose bf the class. As 
students pursue their chosen study and begin tb focus bri a specific prob- 
lem, each develops a unique process to fit his prbblem arid purposes. This 
is one of the most valuable learning situatibris students encounter in the 
class. When a student _ begins to analyze data or interpret what he has 
found, he faces the reality of what he has actually learned or gained and 
what it means to himself and society. True inquiry usually starts at this 

point. _ — _ 

Scientific research arid inquiry is problem-centered and flexible^ The 
variety of prbbleras students choose to study usually include some that are 
of local relevarice. For example, a stju^dant studied the effects of fbrmal- 
dehyde bri rats after learning of the problem with insulation in a new hous- 
ing development. Students often study themselves and peers thrbugh beha- 
vioral projects: Last year there were two such studies, brie bf which won 

the regional sweepstakes and aii international award as well. 

Other studies are sometimes directly related tb improvements in the 
human environment or people in general.. I like to think all science 
: nsearch is working for the bettermerit bf people through increased know- 
ledge. Regardless of the nature of the prb ject , individualized instruction 
is central to independent research arid study and students must plan their 
own goals and work schedules. I am available to advise but i rarely insist 
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if a student rejects my help. 1 keep reminding them this is their big 
chance to show what they can do. In this way, all proje'-t work is indivi- 
dualized and personalized. 

Studenus often begin working in cooperative small groups. These 
groups frequently break apart and students become more independent as their 
studies develop. One group remaining this year is three students remodel- 
ing a hovercraft in a cooperative effort. Students are free to work alone 
or together , on whatever project ^ and to the depth they desire . As a 
result, students are able to work at their own level, in their own way much 
as developmental psychology would demand. 

Students select a study of particular interest, plan the work, and 
carry but 1 iterature and/or laboratory research . In the process they ilake 
a lot of decis_ions . Students who enter a satisfactory project in the 
spring _ Sc isnce Fair make a grade of A . During the research process content 
suitable to the individual studies is obtained arid used. For example, if a 
student wishes to use the computer treri he must learri computer rules, lan- 
guage, arid use. Not all studerits will be irivolved with any particular con- 
terit . 

Every book arid article: I have if^.ad about "how to do an experiment 
or project" states that the study and research must come first: I agree 
with this from an intellectual view poi but students do not always have 
enough background, confidence, or attention span to do this. I have found 
better results by using the "hands-on" first even if it is unrelated to 
what eventually wiii be done. So, i do not require that students carry out 
extensive study before beginning experimentation. In fact, I urge them _ to 
start some kind of work as soon as possible because I have found this 
builds confidence and gives them something tc do while they are getting a 
focus on the long-range study. 

The relevancy and success of the program deperid.s bri the relevaricy of 
the choices students _make for their own studies. If they wbri't choose or 
choose a poor study I try to guide them iri aribther direction. But, their 
freedom of choice keeps the students going and the prograiu ^jetievant^ 
Before each class I read weekly reports: Five are turned in jeach day so 
this is ari easy job arid I can stay caught up. During class I am most often 
cbriferririg with students, checking what they are doing, g^^ting equipment, 
teaching how equipment works and is used, or teaching techniques such as 
making solutions. I also look at and discusss computer programs, look for 
the locker keys, make lists of supplies to buy after school, and help clean 
the rat cages. Sometimes the trivia of showing a student how to put the 
camera on the microscope or* going to the storeroom drives me crazy. But^ 
they all need to learn. After class I collapse! Fortunately I have liinch 
just prior to this class so my energy is high even though the semiriar fol- 
lows the four morning chemistry classes. 

Each day twenty students check iri at my desk iri the lab and begin 
their work. Sometimes we meet iri a grbup fbr arinbuncemerits and student 
progress reports or to see a film. This year, typically Tpu would see 
three boys rush tb the autb shbp tb cbntinue work on a hovercraft they are 
redesigriirig. Three students may be tending to their ::ats and several more 
are staridirig in line to talk to me. ^"^hers are tending fish before going 
tb the library or preparing their log for the week. Three students are at 
the computers while the remaining students are working ac assorted pro- 
jects. Two are arguing. It does seem that I have more than twenty stu- 
dents most of the time. I also am constantly trying to find something and 
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to do three things at once but I love it. I encourage students to devise 
equipment and make-do with what we_have. So, a visitor may see usual 
things such as a lar_g^e rubbcr_ raft (from state surplus) being ciit for 
the hovercraft skirts. This ^ x 9 ft. craft is taking a lot of time. Once 
projects are underway students dbri^t want tod many demands on their time, 
so one day is similar to another. It seems like the shortest period of the 
day to me arid them. This patterri cbritiriUes thrbughbut the year. 



biJR GENERAL eALENDAR 



Sept: Several days of group activities to get acquainted. 
Define the area of study. 
Gutline a plan of work. 

Get equipment ready and start research/experimentation. 
Oct: Select two projects from the spring fair to enter in the 
Arizona State Fair youth competition. (Not the Science 
Fair) 

Nov: Assign Space Shuttle Competition for semester exam. 

Have several discussion sessions about past cbmpetit ions . 
The class had a winner each of the first two years of 
competition. 

Jan: End of semester^ Some studerits leave, bthers eriter. 
Feb:_ t^arri results of Space Shuttle. 

March: Participate iri Arizbria State University Engineering Design 

arid Testing cbmpetitibri one Saturday. 
April: THE SCIENCE FAIR? 



1 am a resource person for students in the process of planning and 
defining their work. i set the requirements for evaluation, read and reapt 
to their weekly reports, and constantly try. to find wayF_ to iinprbve the 
process. Students usually prepare their own lab mater ials _but I often must 
help students make contacts with resource people outside of school. I take 
full responsibility for care arid use of experisive equipmerit. The projects 
class us_es a typ>ical chemistry classrbbm, adjbiriirig labbratbry arid stbck- 
robm. The p>rbjects are crowded bri starids, iri hbbdis, bri cbunters, and just 
everywhere. The ariimals--rats , mice, frbgs, fish and newts-- take up con- 
siderable space but all science facilities are available to us: 

scierice material and equipffient are available for student use, the science 
faculty is obviously cooperative in lending equipment. We have an unusual 
store room of **collectables** since I am not the only beach comber or pack 
rat on the science faculty: Dangerous chemicals are in a separate stock- 
room under my control, however. We are very crowded and equipment is 
stored in cupboards in the lab. Students are allowed access to equipment 
after I have established their knowledge, skilly and awareness of safety 
factors. Tools, cameras, microscopes i_ and experisive equipmerit are kept 
secure and under _my_ control as well. Studerits must cleari up arid put away 
as_needed for, if the chemistry classes are tb be iri the lab the riext day, 
all counters must be left cleari arid clear. I also db cbrisider able clean- 
ings though. Tidiriess is ribt brie bf the virtues of this class but it ±s 
obvious that this is a rbbm whore much is done and acomplished. We really 
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heed ah animal /.bom, 1 more suitable greehlibuse and a darkrddrn. I don't 
take respbhsibi lity fbir everything, tribugh. Students are encouraged to do 
extra lab wbrk after schbbl tb extend their experience and they take con- 
siderable responsibility for their own learning; 

EVALUATlbN 



Students are evaluated on how well they meet their responsibilities in 
choosing work of a suitable level; and how they plan and carry out their 
work, turn in their record book weekly, and maintain serious and mature 
behavior: Each week students complete a self -evaluation sheet and I add my 
evaluation, if we differ in the evaluations a discussion of the reason 
follows: Grades tend to be very high. 

1 was surprised when I realized a few years ago that students have 
never been in a situation where they can fail without severe consequences 
of some kind. High level students rarely fail at anything, especially 
routine lab work, and they begin to relax when they realize that failure bf 
an experiment is not a personal failure. Actually^ I am pr irrar i ly inter- 
ested in how they go about the work ahd hot the individual butcbmes when I 
evaluate their efforts. 

I try to avoid telling a student his idea is riot good. Instead since 
self -evaluation is a critical goal, I try to turn the discuss ion so the 
student rnakes his bwh assessment and evaluation. I avoid answering certain 

questibhs if I feel the student needs to make a decision: Excessive rules 

and directions are avoided. Instead of giving a negative opinion of a stu- 
dent's poor efforts i suggest that the work may be too difficult for him. 
This usually gets immediate improvement. I also avoid wearing uncomforta- 
ble shoes. 

Students evaluate their own understanding of content. and experimental 
results as well as those of others. They seek to establish applications 
and future developments and uses but their focus is always bh the here-ahd- 
now and the personal.. This is important, fbr ultimately it is the indivi- 
dual student goals and heeds that must be met-- hot thbse of the class. 

During the first three years the semihars were eva luated if'ith teacher, 
students, ahd pareht evaluatibh f brms . After that time the seminars seemed 
well established ahd'Ihave hot cbhducted much program evaluation since^i 
have hot been giveri time or suggestions to do so but I do seek and listen 
tb comments. I would like more: _ 

For program evaluation, surveys of past graduates would be very use- 
ful. I do have $omr* contact with past students and their evaluations are 
positive; but i don't really know the value of the program to most who have 
been in the class. i would like to know if the class was beneficial to 
them, how it was beneficial, and what they think would improve it. 

A few years ago I felt high school research was of no value. Now my 
attitudes toward student research , pro jects , and science fairs have chahged 
completely and I feel it adds ah importaht and sighificaht facet tb a stu- 
dent ' s knowledge. I feel that a research project should hot be an after- 
school hobby-type activity. I bhce bppbsed science fairs because I had not 
seen how impbrtaht the experiehce cari be to students. §^^cesf ul part icipa- 
tibh ih fairs prbmbteis the science program and provides ^ecognitioii for 
studeht success, hot equal to sports performance in our school, but getting 
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there. I now recognize a greater potential of the teenagers* contribution 
to knowledge. Administrative support is very strong and very necessary. 
Our administration allows the class to be held if 20 or more register arid 
they allow me to take trips which students wiri for us. That they are 
pleased with the recognition arid awards students receive is bbyious , f or ^ 
when I ask for help I usually get prompt, positive responses . _ The admiriis- 
tration helos with budget as well.. Our budget needs are small but we truly 
need flexibility. Last year I applied for a grant from the Arizdria Associ- 
ation of_^Gi_fted and Talented organization to purchase an old used water 
hbvercrafi for students to redesign arid fix up for laricl. It had a light 
aircraft- erigirie^ its own trailer arid looked terrible. We were granted $390 
to purchase thecraft. It is keeping three students very busy this^year - 
and will be valuable in years to come. The point is; some needs arise 
unexpectedly arid the usual, established budget will riot allow these expen- 
ditures. We freqUeritly riead hardward, grocery, arid medical items right 
ribw; we cari*t wait. An admiri is t ration that recognizes this is a great nec- 
essity. 

The principal's door is always open, and he is easy to approach. He 
treats teachers as professionals. He also takes his lunch with the teach- 
ers. This is one of his greatest influences! Although tb administration 
is supportive and the class will continue with present goals' as far as I 
can determine at this time, I see the class being dropped when registration 
shows less than 20 students. Next year more may be required because of the 
shrinking budget. Past successes do not mean anything when decisions are 
made with numbers. I think the shrinking budget will everitual ly _ e liminate 
the class and twerity students a year will be deprived of. a valuable part of 
their education a part that canribt be replaced by traditibrial classes. 
Parerits alsb are helpful arid suppbrtive althbugh I firid through the years 
parerits becbme irivolved brily if they are asked. I always ask for help at 
scierice fair time with trarispbrtatibri arid I ericbuifage studerits to get 
parerital help iri trackirig down magazirie arid journal articles at the Arizr»ria 
State Uriiversity library. 

BEGINNING A PROGRAM 



Attendance at two workshops I hav held indicated teachers are interested 
in student research. However, what I have done cannot be done without a 
class such, as I_ have. Prbj_e_cts should not have tb be subsidized by_bbth 
teacher arid student time. If the admiriistratibri dbes riot allow time I see 
rib way for a teacher to get irivolved, arid rib reasbri. If I wanted tb start 
this prbgram iri aribther schbbl arid, giveri admiriistratibri, departmerit head 
arid scierce faculty apprbval arid cbbperatibri arid a teacher willirig and 
eager tb invest excess time, these Cictibris could get a c las 3 started: 

1. Advertise the class prio^r to registration. Make it clear 
this class does not replace the regular science classes. 
This is very important to prevent competition and 
discontent in the faculty. 

2. Canvass interested students. 

3 . Contact current science teachers for probable success of 
interested students. 

4. Select the. least number possible of top candidates - the 
older the better for a start. 
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5. if possible have prospective participants attend a science fair. 

6. teacher (or teach^^ s - ideal for team teaching) arid students 
should read one or more books about projects to establish a 
plan of action. Group discussions will clarify procedures. 
There is rib best procedure ^ just one that works for a group. 

7. Requ'- re a_ permanent record book to be turned in weekly or 
at some short interval. _ • _ 

8. Have teachei approval before work is started. Take 
care with dangerous procedures . 

9. Stress the_ importance of background irifbrmatibh and 
assist with literature research techniques. \ 

10. Good luck. (Kids wilL surprise ybU with what they can do.) 

A strong science background is a mUst, not mastery of all subjects but 
fihbUgh kribw ledge tb know where to get help. Laboratory and research tech- 
niques are necessary and use of hand and power tools is highly beneficial. 
A new teacher probably should not attempt a class like this one although a 
possible exception could bfi a teacher who had been in such a class before 
or who had extensive research experience. Even though I have been teaching 
this class for a few years, I need more and better introductory activities 
for the first two or three weeks to ease the adjustment of new members. It 
is easy for students who were in the class previously (they can take all 
four years if they can so arrange schedules), but newcomers, especially 
freshmen, need time to realize what is to be done and to adjust to the 
less-structured atmosphere, I also need more ''hbw_tb" bbbks ari^d articles. 
Over the years I h.ive collected single copies of very useful books and 
manuals and have lost most of them._ Since I have ribt used a check-but sys- 
tem books dp gradually disappear. For example, last year an excellent bnok 
on liolography disappeared. I rationalize that if a student takes such a 
bbbk he might use it but, I sure need them myself. 

There has never been an aide for my part of the program^ but one would 
be highly beneficial. Originally ther^ was a^ aide tc keep trcck of place- 
ments , supplies and budj^ot fr the four seminars. She was very helpful 
with field trips, letter'^^ ani te?ephore calls. Increised planning/research 
time for me would enable me to have more and better input as well. I have 
trouble providing help and student needs for specialized studies. Arid^ 
increased planning time would, perhaps^ enable me to be mbre iriribvatiye. 
Sometimes I think innovation is inversely propbrtidnal to frustration! The 
pride and satisfaction I experiencje when studerits _ enter cbaipet itibh, 
whether they win or n bt ^ are extremely rewarding. I feel rewarded when a 
student accepts a challerigirig task, completes it, arid presents it fbr oth- 
ers tb cgnsider or evaluate. Wheri studerits db wiri sbme recognition they 
are amaz^Jd as well. Their pride invariably results in greater maturity and 
self -cbncept . This is a learning prqcess not many high school ets experi- 
ence. 

It is rewarding to have students return after graduation to express 
their appreciation for the class. i also find I am much closer to this 
group than students in otner classes and I try to keep up with many of them 
afte]^ they graduate: Most of them were also in my chemistry class, adding 
to :my understanding of them 'as individuals. 

There was a reward of sorts when a mother presented me with a special 
gift. Her son had won the sweepstakes with a prbject "^irivolving rats, many 
ratsi and she made a needle point plaque with cute rats arid the legend, 
''The rat race is over and the. rats won!". Other recbgriitibri has cbme in 
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being named Outstanding Science Teacher of 19 78 by the Arizona-Nevada 
Academy of Science and Runner-up to Arizona Teacher of the Year in 1980, I 
also have been invited to make presentations at four state conventions, two 
for Arizona Association of Gifted and Talented and two for ASTA. Receiving 
the Super Teacher Award given at the 1982 Senior Awards Program was most 
gratifying as well. Professional organizations are sl_so important as I 
make regular use of articles and suggestions in The Science Teacher and 
my copies are available for student use. A student recently began a plant 
cloning experiment because of an article in TST. And, finally, NSTA, a 
professional organization, gave me the opportunity to say all this: I'd 
like to end as my program always ends, with student achievements: 

STUDENT AeeOMPblSHMENTS IN THE PROGRAM: 



* 1 state first place winner in computer programming 

* WINNER AT THE INTERNATIONAL SWEEPSTAKES in computer programming 

* A sophmore who authored a textbook in organic chemistry 

* 194 awards at Central Arizona Regional Science 
and Engineer ihg Fair 

* 23 first places in 7 SWEEPSTAKES which were then entered 
in the Ihterhat iohal Science and Engineering Fair 

* 7 Iriterhat ibhal Science and Engineering Fair awards 

* 10 academic scholarships to Arizona State University 

* 1 semifinalist in Westinghouse Science Talen+-. Search 

* 2 regional winners of Space Shuttle Competition 

* 2 presenters at Army Regional Junior Science and 
Humanities Symposium 

* i of the top 6 winners of Science and Humanities Symposium 

* i of id top Edison-McGraw winners for the United States and 
Canada 

* 6 science winners at the Arizona. State Fair 

* 1 representative of Arizona at the West Virginia 
Science Camp 

* 1 Earth watch winner for two weeks at ah Archeblbgical Dig 
in Mont aha ' 

* Many awards at the Engineering Competition Day sponsored 
by the Engineering Department at ASU each year. 
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Chapter 6: Methods and Applications of Science 

/ 

By 



Lois S. Dursd 



Willis toh_Nbr tharripton :^ r hbo I 

19 Pays'bri Avenue 

Easthamptbri, M\ 0307S 

Will is to.. Northarnptbn , aii enC school with 430 students in 

grades 9-12 is low co -educational. A merger of *»*^^iliston Academy and Kor 
thampton School for Girls created ti ' pi* N^:rt : itcol with its diverse stu - 
dent population. One fourth of tli e *^ ■ dents :.oir^e from outside of the- 
United States and the reraaining^three-fo; ; 'is rc^presenc 26 states. in gen- 
eral the students are planning -to attenc • ^ J lege after high schc^i. 

Tl;e school is led by Christopher Gl :fc;ry, headmaster, v:ix.n depar'cment 
heads and what must be a more-or- less standard nujuber of admiriis"-! at i '/e 
support personal. Williston Northt'ftp'wOn hns an upper school b> grades 9 to 
12 and a midule school for grades 7 and 3. The campus i;iciudes several 
buildings and a great de^l of spac^ butdpbrs for sports and other activi- 
ties. The _ Arts and Science _ Bui Id ip^ w_ith attached green -kbuse ib near a 
pond used for ecological' study by all of the biclbgy classes . 

Methods arid Applicatibris of sqierice, designed f or ribrl-science , mathe- 
matically anxious students, enabled students to fulfill their second year 
of science requiremerit--twb years |bf science for gradua with one of 

these being a junior or senior levlel course. The cojirsfe includes ^ wide 
range of student abilities and incorporates study of the interface between 
science^ the htraianities, ^^id society. 

Methods of Science was desigSed to fit the needs of students who 
needed some science after biology but for whom a chemistry/physics sequence 
did not. seem appropriate. We liad \a course for lower ability students 
called "Energy" but it did not meet t|ie needs of the brighter students- -it 
did not challenge them. We felt strongly that_ this new course, as well as 
bur others, must reflect that science ^s sbmethirig brie does ^ riot just read 



about_or listen tb somebrie describe. 

Teachirig for over 10 years has allowed me tb watch students while try- 
ing tb under St arid their sources bf difficulty. Several workshops dealing 
with Piaget and the application of educa|:ional psychology to the design of 
Curriculum have given tie considerable insight into adolescents and how they 
maV:e up explanations of natural phenomena. Another source of inspiration 
has been my own reading program of prof ess^ionai journais, course books, and 
other related materials, Gonvarsat ions with some practicing nuclear physi- 
cists also shaped my ideas, curriculum, ancr^ insight into needs. 

One of the delights of an independent School is_ that heeds can be res- 
ponded to immediately. I was hired by Wil\liston Northampton _School arid^ 
after several, discussions with the departtherit head, John Gow, _ it was 
decided that I would plan and teach the riew course. Mr. Gow arid I dis- 
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cussed the riGeds of the class^ the .population for which it was intended and 
some basic philosophy and methbddldgy. After jointly plaririirig the first 
few days bf the course, the rest of the course evolved over the summer and, 
zo some extent, during the year as student interests were used in selection 
of spec i lie topics being covered. 

John Gow's suggestions about methods, his comments when he visited the 
class, and his generally suppbrtatiye attitude were powerful influences in 
designing the course content and methbdblbgy. I was also allowed consider- 
able freedom. My Husband^ Jbhri, a theoretical nuclear physicst, provided 
his knowledge of science and sources bf information as well as his own phi- 
losophy bf science and learning. 

As- we wrestled with the need for the course we were making decisions 
about methbds bf instruction to be used. We wanted active student inV5)lve- 
ment with both the materials and the methods used in teaching. As the 
course was a hew one and Inquiry was the method, I often asked students the 
use or , value to them of some of the work done. Their considered responses 
made the course their course as well as mine. Sciei involves an active 
consideration of variables, decision making, and action. For our course to 
be science, students had to be actively involved with the process, not 
merely passive listeners: 

The administration indicated their support by providing the bppbrtu- 
nity for me to work and by allowing for the creative thoughts of myself arid 
Mr: Gow to bear fruit. Our administration is one that ericburages profes- 
sional response by expecting it. Without that support bur task would have 
been difficult. 

An inservice prbgram given in the schbbl system where I worked sug- 
gested the possibility of develbpmerital (Piagetiari) issues being involved 
in problems with students. At the same time, I was taking a refresher in 
educational psychology at Mount Holyoke College and became interested in 
the results bf how bur students scored on a group of tests designed to :^ea- 
sure students ' ability to think on coj^55_ete > transitional, or formal 
level. As I tested the students^ on these problems, I noted a strong corre- 
lation between their developmental level and their degree of difficulty 
with thi concepts I had identified as trouble makers. I became cbriviriced 
that i could offer information to students in more, meaningful ways. _ ^_ _ 

In a series of workshops using the Karplus pevelbpmeht of Reasoning 
materials 1 found the Learning Cycle to be a useful mbdel tb fbllbw. The 
group at the University of .Massachusetts then received a grarit from the NSF 
to offer a second series of wbrkshbps , a full year prbgram, in the applica- 
tion of the learning cycle arid micrbcburiselirig techniques as well synec- 
tics and lateral thirikirig. I eagerly attended that full series of work- 
shbps . 

The riext prbject I worked on was anothej NSF grant, again at UMASS_. 
This time, as one of the staff, ! worjced with science teachers from^ all 
bve'- New England designing curricula in the sciences using these develop- 
mental techniques and understandings. I feel that what I learned as a par- 
ticipant in these workshops was Instrumental in designing my cbu es , Mr, 
Gow attended the last workshop. Methods of Science ^ and I fburid inat quite 
supportive. Now, the grant money is gone and there is rib further wbrkshbp 
series. However, I am in a. dbctbral prbgram at the Uriiversity and will be 
pursuing many of the same ideas in my cbursewbrk. 
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OUR PROGRAM 



The purpose of science education is not to ignore science to the point 
where it all becomes social studies: i structure the course to show where^ 
how, arid why science seems to be in conflict with societal values. While I 
do feel that social issues result from the application of science, I am 
very much opposed to the idea that understanding of how the natural world 
functions should take a back seat to social issues. A scientist does not 
need to be a humanist, but they are citizens and must be aware of the 
implications of science^ i think the important issue here is that the vast 
niajority of s:.if'nce students in high school will never go into science as a 
career--th(? \i numbers I saw were that two percent of the population 
oarns i'^s n r ey doing science. 1 see science education as doing two 
things: prt ating the methods of science, as ways to identify arid attack 
prohlcn-'^ r iL^sues and presenting science facts that can benefit or inter- 
est thf> yidual. _ ... __ 

Students need to know that they can think so they will be willing to 
do so. They need to practice these skills so they can examine the ideas of 
someone else rather than blindly accepting from whatever source shouts the 
loudest. Science says examine the facts, look at the evidence , then decide 
what explanation best f^'c.-. Thit' is more than science, it is the essence 
of education. 

T have nev-:r t.hoa>^liL 01 niysel^ as having science students; I have stu- 
dents in a science cl-^ss: T don't see science students or English stu- 
dentb, I see a group of minds before me - minds that wi 1 1 be affected by 
many things iii their environments. I see a need and value for all students 
to be exposed to the ideas of science experimenting, reproducing , learn- 
ing falsi ^.ibiiity, trying techniques--if only to gain ah appreciation for 
those thiKgs: i see learning as science arid I warit students to see what 
they can learn just because knowing things is a good feeling and being able 
to use the methods of science is to their own benefit. They should J; earn 
the methods of science, and how they compare to those methods used in the 
humanities. They should lf;arri about the univGrse and about where science 
may directly affect their lives; how science and poi it ics or society go 
together. Above all, they should learn to identify , attack, and solve 
problems relying bri their own ability to think and to know when and how to 
find help. 

In general, our students are of high academic ability but somewhat 
anxious about mathematics or simply iv z oriented toward mathematics or sci- 
ence as a career. Several students have been on honors status but most are 
not. Last year, with 19 studenti'. Mcithods and Applications was a large 
class for our school. Our students ranee from middle to lipper middle class 
socioeconomic levels and their, attitude _ ranges from enthusia^Jtic about 
school to "I don't like it but I have to be here." This year we have two 
small sections of 10 and _12_ each with a wide range of abilities: As a 
result, we have had to modify bur materials and strategies of last year^ 
As bur program is cbritiriually evolving anjn^ay, this was not a major prob- 
lem. 

I thirik "issue-centered" is an appropriate description of bur program^ 
Each issue presents its own problems as questions arise arid the students 
perceive the scope of the issue: Flexibility is built into the plan allow- 
ing student interests to guide a full quarter's subject material. In bur 
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discussions aboat benefit/risk in general and in energy, ecology, and 
genetics specifically, value, ethical, and moral issues are raised: At no 
time are we looking for a ^Vight** answer: The aim is to consider all of 
the ramifications of the problems before an individual decision is made. 
Then, the ability to back an opinion with facts should be the deciding fac- 
tor. Disagreement is frequent and recognized as a value: 

Science and how it works as a human enterprise is really the central 
f6cus--hbw we can use science to serve the needs of humankind through 
ipplication and technology is a secondary focus of our program: While I do 
se3 it is useful for a science class to deal with social issues - -especial ly 
for this class--! do not wish to denigrate science to a back seat. Science 
is learning about how the world and the universe work. This knowledge ma^' 
serve the needs of man, but I do not approach learning science in this sin. 
plistic fashion. Scientists do science because they need to know; much in 
the same way a composer composes a work of music. 

But, knowledge of science and how it works can be applied. Two exam- 
ples of using knowledge in social decis ion making that come to mind immedi- 
ately involve genetics arid power. I use the "Nuclear Power__Di lemma" _ s imu- 
latibn developed by Chet Cbrkum at Deerfield Academy. This simulation 
requires that students know about power arid radiatibri so, guest speakers 
are invited. This year we had a cadiblbgist, a physicist, a pbwer cbmpariy 
nuclear pcwer in format ion expert , -vatid an anti-riUclear pbwer brgariizatibri 
! *-pro5;entat ive a? well as an alterti«tive energy source dealer. Students 
take T,ho roT.e of experts, congressmen, and attorneys while economics, sci- 
ence, :::id poMtxcal realjcies all come into play: The genetics unit 
focuoc J on genetic counsel tng with students studying illnesses which are 
genet: 3'. ly irher itec". . Students loarn about prognoses, frequency, cost and 
the metl )Hs used by counselors onu *"he possible outcomes of their findings. 
They than role. -play legislators ana design laws governing genetic counsel- 
irig^ funding, and outcomes. _ * 

I thirik ti \ -IS-" of local ccj crvation issues ^ political structures, 
arid busiriesses give proof tc iC fact that the course _ is relevant to bur 
community. Sirice bur studerits are rhbstly boarders arid cbnie from distarit 
locales, too much tying tb Ibcal specifics is ribt productive arid we empha- 
size that mechanisms, methods, and concepts are useful as tl-oy are trarisf- 
erabie to new locales: We also use simulations to deal with the benefit/ 
risk concept as applied to energy sources and genetic counseling: I feel 
whis understanding of the interface of science with values and politics is 
important . 

Students are encouraged to examine their own abilities with an empha- 
sis on their strengths and thinking processes. Part of the course deals 
with conservation related issues and so, thereby, relates their skills 
directly to envirbriraentai problems. It is_ the belief of the department 
that all studerits will have their 1 ives inf luenced, by science^ sb^ even if 
they are ribt gbirig iritb scierice iri college, we feel that a kribw ledge of 
methods and practices is vital tb citizeriship educatiori arid scierice liter- 
acy. With the exception of the cbsmblbgy uriit, all trpics are iritrbdUced 
and covered in such a way as to relate to current needs and address the 
techno logy/ society inter fac: 

We have time to cover many topics since the cours-^ t- ts Tive days a 
week with two classes of 40 minutes, two of 45 and one vl 66 minutes frr 
the full year. During this time the class functions as a gr^^ap as i fo.el 
that societal issues are best discussed this way . 1 also believe Dewey and 
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Piaget that student-student _ interact ion is a very important method of 
learning, especially in problem solving situations. V/heri I present a set 
of information on stars and then ask the studch*:^ tc devise a scheme for 
the life. cycle of a star, they heed to bbunc;^ ideas off each other to 
stretch their thinking^ creativity, arid prbblem solving abi 1 ities: Indivi- 
dualization on assignments comes about as I tailor the topics and refer- 
ences_with which a student deals. 

Every topic involves group or pair discuss ion, problem i^®ritif icat ion_; 
and prbblem solving as well. Often a pair is asked to meet with another 
pair tb fbrm a cbhserisus . Except for tests and two research papers , pro- 
jects always are dbrie in pairs and small groups: Students ire encouraged 
tb help each bther by suggesting sources and sharing knowledge, ideas, and 
abilities. 

Any time it is possible, topics are introduced by presenting opportu- 
nities to observe zvd discuss situations before terminology is presented. 
The learning cycle model developed by Robert Karplus allows students tb 
explore a phenomenon and develop concrete understandings before abstract 
theory is presented: 

1981-82 topics listed in order of their cbverage 



First Semester 



Is there life bri the desk? How could you prove your answer? 
Viking tests - how done, what biology they depend on 
Drake's equation on the possibility of life, intelligent life, 
in space 

Means and difficulties in contacting extraterrestrial life forms 
Astronomy - what was known, current frontiers, radio astrohbrhy 
Up to data - via NASA - information on planets 
Stellar life history, spectra, Doppler effect 
Cosmology - difficulties in studying, current thebries 
Origin of earth 

Paleogeolbgy , J plate tectonics; rbck, rbck formation, type, 
use bf, cycle 



Seccnd Semester 



Benefit/Risk - interface between science and technology and the political citizen. 
Automobiles - benefits and risks in cost of highways, accidents, 

jobs, etc. 
Radiation and energy production __ 
Simulation of Three Mile__Islahd Hearings 
ESP - sagan on hpaxe:i - Rhine's wbrk 
Experimental technique - variables , control , etc. 

Genetic advances , genet ics counseling - benefits and risks 

Ecblbgy - Marine biblbgy, mariculture, protection of estuaries 
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For the 1982-83 school year^ I .added a unit aimed at increasing the 
students understanding of the s imilaricies between che way a scientist 
works and the way someone works in the humanities. I stressed the contrast 
with the ihtrbductibh of the experimental technique and the concept of fal- 
sif iab i iity . The Karplus learning eye le model is followed in the design of 
this . of most units. This model provides a concrete base for initial 
theory to be presented arid is the beginnings of a teaching rationale. In 
this model, studerits first do sbme activity that focuses their attention on 
a particular pheridmeribU. Theri they have a chance tb mariipulate arid see 
what happens, relating their firidirigs tb the cbricepts arid vocabulary beirig 
introduced. The final step is cbncept applicatibri. After tryirig tb 
explain how a ficticious planet came tb have its cUrrerit gebgraphy, his- 
tory, and terminology; and hearing about plate tectonics arid eviderice fbr 
it, students then explain the geography of specific areas of the wbrld iri 
terms of what had to be going on tectonical ly . 

Activities are designed to bolster student self-confidence, to provide 
tools with which a problem can be approached so that solution 'and under- 
standing are possible. Students need to build confidence and skills to do 
things and to feel the satisfaction of "doing it myself:" 

Our content shifts from time to time as specific subjects reflect stu- 
dent concerns. Some things, however, remain constant: how a scientist 
functions, the nature of science, methods and tools of science, and experi- 
mental technique.. 

During the fourth quarter of the year students select all the topics 
tb be studied. They reflect bri and evaluate my methods and I respond to 
their evaliiatibns. Students have a powerful role iri prbvid-'rig me feed-back 
on my mei:hbds arid tbpics. I feel there are many basic skills they need tb 
practice; public speaking, research, expos itbry writing, text use, grbup 
management, and social interaction. Some of these they don't like to do 
but 1 insist on ail of them from time to time. I insist that they think, a 
task some find not so easy: Perhaps many of them have had regurgitation 
lessons for too long. 

I cannot give specific data as to the effect of this course on the 
future of the students. My aim has not and never will be to produce a 
course, to serve a program outside the needs of the students. I want to 
help them discover the wbndersdf t^e worldand their own minds, not submit 
a wiririirig entry in a contest although I would, of course, help a student so 
inclined. As tb the schbbl in gerieval, I feel we stack up to the lirie iri 
terms of achievemerit. As an irideperiderit schbbl, a cbllege prep schbbl iri 
mcst respects, that mbst of biir students gb oh tb cbllege is a given riot 
subject to meaningful interpret at ion ; Our program is tbb new tb know what 
may happen in the future. 

While Wiiiiston Northampton requires two years of science--one a 
freshman or sophmore course, the- other a junior/senior course-- most stu- 
dents take three sciences and many take four. In class, students are lis- 
tening, talking, doing, thinking-- if only you could zee this. Activity is 
always varied and really difficult to describe in any other fashion. Stu- 
dents develop simulations by researching bas ic _f acts analyzing and _ devel- 
op irig particparit roles arid organizing roles, They^ then take on roles and 
cbriduct the everits , h :aririgs , or activities. They are active iri all 
aspects bf learriirig, plaririing, arid cbriductirig. 

While simiilatibris are fine, I warit my class tb be the real thing. Sb, 
I am trying to apply the findings bf educatibnal psychblbgy tb the way I 
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plan my classes. I apply Piaget _as seen by_Karplus to the actual running 
of the class. I use ideas from Gordon _ahd Syriectics ^ from Boh Samples on 
creativity, and from do Bono's Lateriaj Thinking. I try to apply all theo- 
ries and ideas that make sense to me, I also try to have students do sci- 
ence instead of merely discussing the sb-callod scientific method and then 
doing cook book dperatibris all year. 

I don t want to offer a science course to teach the scientific roethbd 
and then procede to haVe the students follow cookbooks leading to the one 
right answer: This is not teaching science! I encourage discovery by 
offering labs where students are riot just duplicating the book but where 

problems arid try to firid but ariswers . Students use 
experimental techniques, gathering data iri meariirigful ways. 

^^w^y^ _ have a right ariswer arid the studerits try to 
get it — and that is ail right for teaching skills--lM rather say "here's 
some equipment^ use it to find out what materials cari pass thrbiigh a mem- 
brane and affect a ceil." P^i^g. tjiat makes more sense to me thari givirig 
kids everything all spelled out so^ they don't have to think 2 mt what they 
are doing. Following a recipe and getting crepe suzettes may be tasty but 
it isn't science. And, following a recipe and getting a beaker full of 
smelly liquid is neither tasty nor science. Technique yes but science, no. 
Thinking and hypothesizing are more important tc me ana my students then 
concrete results. While materials, recipes and products are not terribly 
important^ good inquiry is. The process of thinking and applying the meth- 
bds bf science are riot tied to a specific set of apparatus or outcomes but 
whatever is available or happens . 

Materials are stbred iri mbre or less standard ways but students are 
told what is available arid warried about safety. They get their own materi- 
als, work, and, shortly before class erids, they put thirigs away. We use 
materials from physics, chemistry, arid biology as well as earth scierice and 
students Jiave access to whatever is appropriate tb the problem they are 
investigating. We use the library a lot as well as micrbscbpes, sper.trb- 
scopes, rock samples, astronornical models, fossil models, and printed 
materials. The never-ending source of nontraditional materials such as 
speakers and pamphlets is what reaiiy makes a difference. 



RESOURCES 



Iri additibri tb issues bf The Science Teacher^ The_ American Biology 

Teacher, arid Science *83, riewspapers, Nova arid other television series on 
science and nature, I have used the foTlbwirig as sources: The Search for 
tife on Mars, Holt^ Rinehart and Wiriston, N.Y. 1980; Cosmos, Earth and 

Man, Yale University Press ^ 1978; Cosmos. Raridom House, 1980; Broca's 

Brain. Baiientine^ 1979; The Dragons of Eden^ Random House, 19^77; Mur- 
murs of Earth, Random House, 1978; Quajitum Phj^sics : The Cosmic Code, 
Thompson, Astrbribmy: Fundamentals and Frontiers, John Wiley and Sons, 
Inc., 1977. 

Some of these materials just give me basic background information to 
fxush out. what is available , to students as they research. Some of the 
books are on reserve for student research while others form the basis for 
bccasibrial lectures. If I were to truly list _ all of the books I consult 
fbr irifbrmatibri, diagrams arid data^ I could fill at least three or four 
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pages: What is important is the constant effort to keep current in the 
fields with which I work. . . 

Teachers need to take part in workshops as snot^^r way of staying cur- 
rent . i took one with my . department head last year and now the workshop 
group has a reunion planned. Obviously, we all felt it a positive and use- 
ful experience. I am taking a course how on creativity in curriculum 
development which providesme with techniques to benefit me and the^ stu- 
dents . So far, students like the methods of our class. 

To help keep students current I Use video tapes so students caii see 
programs that were not available to them, I use outside speakers to present 
points of view thai: I do hot know and we discuss creative processes, and 
society/conservation/ ihdustry issues. Speakers present their poi_^ts_ of 
view strongly and studeht reaction is obvious: in the case of nuclear 
energy, the prb-ahd ahti- people come in to le^rure, generally to_ the 
entire class, ahd theh return to help each side prepare testimony for a 
very realistic simulation. ^ 

Studehts have some say in the topics covered as well and we use cur- 
rent magazihes and newspapers as ways of responding to the talents and 
abilities of each class: These sources alsc keep, the class current. The 
use of pamphlets and new materials help to keep all of us up to date. 

EVALUATION 

Except to the extent that we attempt to make students aware of their 
own thinking^ styles, personal problems are hot a Jjart of the course. A^id^ 
there is only minor emphasis oh classical memorij^^tion , although some is 
necessary to retain ihfbrmatibh heeded to solve problems. Most _ quest ions 
involve considerable thinking; For instance, after a marine biology uhit, 
students are presehted with a situation involving a conflict of ecbhbmic 
and envirbhmehtal issues; questions which can be answered either way. Stu- 
dents are expected to use facts , develop analyses , make decis ibhs and just- 
ify the process. There is not always an answer and rarely ah easy bhe. 

Microcounseiing techniques are a major part bf my teaching strategy^ 
I try never to answer questions but try to make the studehts fihd their own 
answers: I never play Mr. Wizard although it is a temptihg role md per- 
haps suitable for an entertainer. But I db hbt see entertainment as my 
pr nary role--!" want to elicit^ tb cause studehts to generate ideas . I 
wai .. to facilitate situatiohs where learning can take place. i plan les- 
sons which allow studehts tb cbme up with answers and I use considerable 
wait time_and_ don't jump ih tbb quickly. Thinking takes time and I wish to 
pDrovide all that is heeded. 

If ybu were tb come into my classroom, I'd be seen, talking to the 
entire class, tb individuals, and to small j^roups at different times. I 
wbuld be heard asking many questions ar.' ^aaking few statements. Sbmetimes 
I might give a mini-lecture at the co- repc _intrbductibh stage. But , even 
ill a mini-lecture of five or ten minutes I try drawihg bh the students 
experience to make points or relate new ideas tb bid ones; making analogies 
to help make the strange familiar. Studehts might be using equipment of 
some sort to find the. answers to questions or, better yet, they may be 
seeking several possible answers. Ih my class I hope you see evidence of 
students working together to sblve a prbblem. They might catch a visiting 
expert if they are lucky. 
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Luck is not a f ctbr in bur program, though. We plan for innbvatidh 
and stimulation arid changing methods is the best way I know of _ to avoid 
stagnation. The best teachers I know- -the oi.es the stud_ents tell me .are 
the best--are the ones that do not slavishly save their lesson plans from 
one year to the next. I sometimes think that thf best way to avoid nega- 
tive changes is to change teaching assignments every other year. 

i read lots of good magazines such as Science '83 and Discovery watch 
NOVA, the Body in Qaestion, or Life on Earth and remember the wonder of 
it ail and try to project that excitement. I can't really be excited about 
the same stuff year after year unless I change my methods, approaches, or 
knowledge. The kids can sense a dull approach. 

i rarefy use the same matei . in the same way more than two years in 
succession. This is because i hcc ime too aware of all the problems that 
the students could encounter and smooth the way for them . I need a new 
situation for the students and myself so that we can all feel the quest, 
the search, the lack of knowledge. If I knew ail of the an£,wers ahead of 
time it would not be science. If the students come to me for the right 
answer, the way it should happen, I know that I have done a poor job in 
teaching them how science works. 

Although I am willing to share ideas with others, I feel that the 
prime benefit of such sharing is to generate ideas *^hat are new; a new 
method, a new way to use something. Stagnation is death to science and 
death to learning. A teacher must learn neiv things and I make no secret of 
the fact that I take courses and read bocks and try to learn new things or 
that I don't know the answer to a question. 

We talked about helium this year arid the students were intrigued hy 
the idea of a future with no helium balbdris if the currerit supply runs but. 
They asked me where we got helium and I didn't know. I did firid but the 
major source was a cave in Texas it is a neat thing to riot know arid theri 
to find out. Sometimes I ask the student to find out the answer. It 
depends on whether 1 can provide correct resources for I do not like to 
frustrate this kind of search. 

Since the start of the program, units have been changed; sometimes in 
response to the students' abilities and sometimes in response to new ideas 
I get frbm reading and converoatibris . In this course I am unhampered wit.h 
the need tb prbduce a student who can score well on a particular exam and I 
have the pleasure bf explbririg wich questioning minds. I ,t that the 
Educatiorial Testirig Service arid similar, exams agencies do not test the 
skills I try to engender, except perhaps for sectibris bri analytical think- 
ing, and there, only in part: 

Self -evaluation plays a part in inariy grad^^s or prbjects with ari empha- 
sis on the formation of questions and reasoning out a situation by applyirig 
facts to justify answers. Improvement in the ability to base a decisiori on 
facts, to think it through, is always more important than a mere "yes" or 
"no." I reaxly want to include more seif-eva"* lation for students as I feel 
that self-evaluation should be a major goal of education- 
Students also are evaluated carefully by tests, quizes, lab reports, 
bral and written reports^ homework assignments, term projects, classroom 
attitudes, arid group >7brk. I want to know _ how much astudent knows. If I 
cbrhpare dissimilar ideas, lobkirig for similarities and differences,^ theri I 
may understand the ideas. If ybu cari tell me how the biography of a star 
would be writte.ti and what chapters would be the mbst f.xplbsive, you know 
scniething. of .the life history of a star. If ybu cari arialyze a cbriservatibri 
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issue and detail both the ecological and the ecbhbmic factors, then you are 

telling me you can deal with the_ concepts. 

Teachers also are expected to self-evaluate as the school requires 
some form of self -evaluation from every teacher. The means may vary from 
person to person and include . input from students on teacher evaluation 
forms and teacher self -evaluation sheets . We are evaluated on our partici- 
pation in professional organizations and cbllege courses or workshops as 

well . - - ^ . _- . . .. 

if I were to evaluate my program, I guess I d iA^^ Ao look into the 
future and see how student attitudes Have fared: Do students feel a heal- 
thy respect for science or are they awed and intimidated? Do they attack 
problems with a sen^e of confidence? Do they look critically at solutions 
they are given? Because this course is designed primarily for students who 
will not major in_ a science field a career follow-up really makes no sense 
but, it would still be interesting. 

The philosophy of the head master and the school centers on the whpl- 
istic education of the students as persons functioning in society. Our 
school really allows teachers to function through giving them a great deal 
of freedom in course planning and curriculum design and my _ departmerit head 
is supportive and helpful: I know the school is concerned with education 
and I know they hear about the course from students. _ I do the job they 
expect. Having taught several years in a public school where the role of 
the administrator affected my classroom a_great deal, I am delighted to be 
treated as a responsible professional^ They expect me to care about the 
education of the student as a whole persba--nbt as a science student 
aloiie--and i do it. . . __ _ 

eur administrators have supported this program by letting me do what 
ever I feel needs to be done and which I can justify. Basically we operate 
on a feeling of trust. I also am encouragaed and supported to attend con- 
ferences with the school helping financially, usually totally. 

While our ^oal^ arc nbt changing, topics used to illustrate or as 
examples may. I may alsb .-.hif- the use of techniques around as I feel . 
stagnant course is nb fun: As the goals are always the same, so are the 
behaviors and attitudes and concepts i expect from students. My use of 
role playing; analogies, labs , activities , vis itors , materials , and day-to- 
day presentations will vary as new ideas suggest themselves or as student 
needs change: _____ __ ___ 

Since, as a boarding ^;chool, my community is the students, not only 
does our program respond to the commuiiity, we are the community. I listen 
a lot: i want to learn more science and mbre techniq^ues ^nd then try them 
out to ?ee what works. Thore is nb text that covers what i'd like to cover 
but I almost am glad about that. I do think that teachers and students 
sometimes feel safer with a text. Fewer decisions must be made, .fewer 
plans must be laid; it is easier to describe what you do. Personally, I 
like the idea_of hunting up information or going with a new finding in the 
newspapers. That keeps me and the students up to d<ite. It also impresses 
them with the changing nature of our picture of how. the world functibns and 
the tentative nature of science. that is part of my message about what 
science is and how it works : __ __ _ 

The only changes tf -t woulu materially affect the planning of the 
course would be to increase my understandir g arid ability to apply educa- 
tional psychology. I want changes which enhance bur success . For that 
reason i am taking graduate courses at the University of Massachusetts, I 
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slso read and go to lectures whenever possible, increasing my knowledge of 
;,^hat is goinr, oh in natural science.. These changes imprbve me and my 
teaching because they make me more .kndwledgeab le . I have to know soraething 
very weii in order to make it really understandable aiid accessable to all 
students. How can 1 put this so they will see it? How can I give them the 
background for the concept to make sense? How can I create a proper learn- 
ing environment? ^ . . . . : _ _ 

If you really wantc»d the progra:n to fail; lecture every day, get a 
text and stick to it, give only short answer exams, and have all labs in a 
cookbook style. Lectures keepthe kids quiet and give a funny sense of 
security; they encourage dependehi^c oh the teacher while I want students 
dependent on themselves. As the program evolves I hope topics covered will 
reflect current issues and the rela^-.ibn of science to society . i want stu- 
dents to gain an understanding of the science issues under ^iscussion^ ^ ^ 
like to see the day when riuc lear power is not important to the kids or when 
they can deal with cbriserval" ion more rationally; i really enjoy this class 
where it is fun to think. Even I as the teacher have to think in this 
course. I find it nice to remember tl at I can: 1 have taken several of my 
ideas to cbhf erehces and I think that those teachers have used some of 
them. The approach is important to make kids think and prove to them that 
they can. Teachers tell me the units work and the philosophv makes s< ns 

If I w^.nted to start this program -^n another school^ I would provide 
the outline and fill it in with specifics that match the situations. The 
topics covered are not too important in themselves, it is how they are 
treated. I would read about Snyectics, Lateral Thinking, perhaps read a 
book by Robert Samples. Celebrating the mind and allowing students to use 
theirs would be my: goal. I would_provide ihservice on the Karplus Science 
Teaching and the Development of Reasoning material. I would tell teach- 
ers to take a chance, let the kids take part. Dbn/t try to tell them ever- 
ything fo; ' . r^lmember best what they f ind out for themseives . It is 
really rr.o T . attitude oh the part of the teaj:her to seek things out, 
that way yr m(>'^t^i tho beha/ibr ybu a -e asking from the kic'.^ . _ 

I aiT? an active member of NSTA and the state affiliate MAST confer- 
ences and piibiicatibnjL are important to me: Conferences and Journals _both 
give me a chance to share what i know and to learn new_ methods and facts 
about science I am also a member of NABT and find the Ameriip.^h Biolcgy 
Teacher useful, though more so in my biology classes than _ in Methods. I 
did use one article from ABT on scientific theory in methbds this year: 
Students found it useful _and clear and on' a level they cbuld read. 

I read the Science Teacher and often incorporate items frbm it in my 
class. The free and inexpensive colum is especially Useful for the Methods 
of Science course as it offers materials that I get into our library for 
student use. I am a firm believer in prbfessibnal meeting attendance and I 
go whenever possible. I Usually present a program and then attend all the 
sessions appropriate tb my interests. Even if J do not use a method from 
the conferenbe itself, the creative boost I get is great and I enhance my 
own skills bf presenting to my peers: 

I wbUld like to formally acknowledge the help and support that John 
Gbw has given me in designing and implementing the course. His sUgges- 
tibns, his assistance, and his supportive attitude have been most important 
tb the success of the course. 1 would also like tb ackrioweldge the suppbrt 
and knowleuge given to me by my husb^d, John Dursb. When ybu are teaching 
a course that deals with the philosophy of science, it is nice to have a 
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theoretical physicist with whom to discuss things. Conversations with his 
colleagues this summer added new dimensi as to the way the course was 
offered this year as well. 

One .resource that I used xn planning the course has not been men- 
tibhed--that is the inspiration of Elliot and Rose Blaustein, long time 
friends and highly esteemed teachers. Their work in education including 
books, projectSj and programs they developed for the New York City system 
and its parts, has really been part of my whole approach to science educa- 
tion. Without all the course work I took to get to ray own understanding, 
they have managed to teach science as it should be taught and have inspired 
many other teachers to think of science as a verb; a thing to do and to 
think about arid to get involved in. They did it naturally, because they 
saw it as the right way to do things. They are super teachers and marve- 
lous models. 
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ehapter 7: Problem Solving In Physical Science 



By 

Eva Kirkpa trick 



Seckman Junior High 
Fox C-6 School District 

2810 Seckman Road > 
Imperial, MO 63052 

Seckman Juhibr High, about 30 miles south of St. Louis, is in a ' 100 
square mile suburban school district with a population of 50,000. Mainly a 
bedroom cbmmuhity of commuters and dubbed the "trailer Capitol" of the 
world by the utility company, the district contains several small factories 
making such things as purses, sanitary belts, and benr cans, A few dairy 
farms are left as well. 

About 50% of the families are lower middle income or below the poverty 
line, 45% are middle income, including the farmers, and 5% are profession- 
als: The community is growing and is trying to attract more businesses to 
furnish employment and increased revenue. 

Nine-year old Seckman Junior High, tucked in the valley between two 
d^ark hill ridges, is nearly isolated wheii it snows. Twice the faculty and 
students have been trapped all night in ah unexpected snowfall when the 
school bus drivers were not able to drive the narrow, twisting,, hilly roads 
to reach us . Springtime, though, finds us with fairyland vistas of dog- 
woods and redbud. * _ * 

We have 760 students in grades 7, « and 9. the staff of 35 teachers, 
two cbuhselbrs, principal arid assistant principal, part-time nurse, five 
cbbks arid four janitors work iri a one-story building about 400 feet by IZQ 
feet with 29 classrooms, a library, band and choi r rooms , and a gym and 
cafeteria. Our yearly science budget is $7G0 for five teachers, divided 
equally, and that includes our paper supplies. The last two years at Open 
House parents have expressed surprise at seeing only tables and chairs and 
not the usual lab furniture they were used co during, their high school 
days . _ _ 

My classroom is a square, approximately 30 feet oh a side. The air 
conditioning and heating 'have never worked in nine years and it gets as hot 
as 98 degrees in September arid May arid 56 degrees iri wiriter. After the 
Administratibh spent a fortune tryiri^ to get the heating/cool irig pl^ivl- to 
work properly ^ . the latest erigirieers fbuiid liiy room had riever been connected 
to the heating or cbblirig pipes iri all the nine years: Our plain science 
labs each cbritairi worn, formica-topped oables that seat two^j)iastic chairs 
that are becoming dangerously br^ittle, and one sm^aii detitonstration desk 
with no facilities such as gas. The science rooms have but one sink each. 
Our cabinets were built by rae and the janitor and we have no animal rooms 
or green house: The physical science room has a closet for a st^;rerooni 
while Biology and Earth Science have small storage rooms. 
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in the past ten years, with more middl*! lass families moving into 
Jefferson county from St. touis , the community attituJ.ci toward education is 
nioro expansive and appreciative. No longer is r.he .attitude so prevalent 
that students aic in school only because the law ^uquires it. Twenty-five 
years ago when we moved into the community to do private research T, parti- 
cularly, concealed the fact that I had a college degree until x had the 
confidence of the community. They were highly suspicious of "educated peo- 
ple". 

Before 1 was asked 18 years ago by the principal to come in and sub- 
stitute, my husband, a ipharmacist , and I with my pre-med degree and hpspi^ 
tal experience, had our own research laboratory in the basement of our 
home. For fifteen years we did medical research oh injured birds of prey 
for the Conservation Commiss ion _ and the National Audubon Society. We had 
no grnnts , jus t my husband's salary arid^ since I was rearing three little 
childi M, I stayed home. I had ideas, my husband had the mechanci 11 abil- 
ity, and gether we invented or created biir own equipment. This it^ the 
same api jach I bi irig to my students arid classes today. 

Latci I eiirblled at Webster University to meet the state certification 
requiremerits and carried a master's degree in teaching science during that 
college's most productive years of teaching what was then the innovative 
inquiry approach. Their ;hing methods, combined with my own inventive- 
ness and creativity and encourtigeraent of my husband, developed pro- 
cesses which I still use todry; processes such as always striving to 
improve, simplify, and better. My approach is practical and hands-on. it 
present a problem, ask students to exper irre.r.t and sol^^e. My problems ar^ 
based on the units required by our state; light, electricity, sound, magne- 
tism, and mechanics. t. 

When I walked into that school 18 years ago I could see that science 
teachers, some who seemingly h^.'! never done any experiments let alone a 
controlled one, were teaching strictly out of a Look. They were riot teach- 
ing how to make_ a living but of scierice; hbw tb get in there arid do the 
work. _ While I feel thebry arid facts are riecessary arid there is a time for 
all bf that, I feel strbrigly that childreri have tb do the work with their 
harids iri brder tb really remiember. They rieed that real experience to build 
on arid to continue further in their work and inquiry. 

Inspiration for my program came as I learned science i^yseif.^ i 
saw hundreds of ideas in nature, books, and magazines: Past experiences in 
garden clubs, art, hospital and medical research, and organizations were 
drawn upon heavily : i talked to people of* all kinds and I listened. I 
took courses at Webster University, Boston University, The University of 
Missouri, and Southeast Missouri State to learn more and improve on what I 
already knew. I hope never to stop learning. Why don't more colleges and 
universities teach science as thougii it is science arid not a vocabulary 
course? 

Juriior High scierice is taught duririg tb-i highly formative years of ari 
adblescerit, a strategd time for brieritirig studerits tbward scierice either 
as a prbspective sciei. . specalist br as ari irifbrmed arid literate citizen; 
I warit tb assist stude.lts iri researching and resolving social issues 
related to energy supply and conservation; limited resources of lane. Writer 
and fuel; pollution and biological, chemical, and nuclear use in war: 
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OUR PROGRAM 

i want students to develop ah awareness ca\c nnderstahdihg of the world 
aiid national, regional, and local situatiohs i: rgy ahd sciehce-relatcd 

soc^'al problems. 1 wish to provide chanhels o luhicatibh between sci- 

ence experts and my students. I also wan. prepare students for 

approaching changes in lifestyle and Ivxnry level. As I work toward these 
goals 1 assist students in seeking mathematical facts and the best scien- 
tific information available to solve iirportant social issues . 

After visiting several International Fairs and Science Cbnveritibris I 
came to realize that energy; its past, present, ;arid futv -e r(,-*ded to be 
taught and taught now. __ Th-^ oil embargo forced my ideas to Iruitibn. Wi^^i 
those ideas I went to Union Electric and was hired as Educational Con-.ul- 
tant to develbp a Teacher's Resource Guide on Energy. 

Social isues are an impbrtant cdmpbnent of our currLclura and i jv e 
explbred and sblved the controversy over a landfill c'^urt; Now ws are 
becoming invblved in the Dioxin controversy: It's the school neighborhood 
that is cdntaininate^ . 

Eight years ajo the county court secretly planned and ':C:d .^=»rted to 
put a landfill in 'the hills of Antonia: The local paper leakcc - le news 
and the people called school and asked us to help fight this. The children 
and I practiced what we preached and set up the problem as five steps to 
the Scientific Method . That was in October. 

No lawyer would i:ake the case against the three judges of the cdur.ry 
court so I acted as the people* s attorney.. My students becam^ researchers 
and we exposed misapropriation_ of Federal furids^ Seripr citizen: spent 
hours researching for us while, I taught school. Then, all irifbrmatibn was 
processed in the class rc . The children as woll as the town people went 
with me as we filled t cburtrbbm the th^^ee times we went. The local 
Newspapers got behind and, in April, the State Attorney gave us the 

fjecisibh, saying "its -e. »ok case of where not to P^^t a landfill^ it 
cbst us $3C while the colnty spent ^90,000 trying t prove their ca&e. Of 
course u probably paid in uaxes c it proved to 11 that you can fight 
city hall and win: 

The case of the landfill was excellent in teaching values anc rrMal 
considerations: Gari you imagine a teacher, 30 students and over 100 citiz- 
e;is confronting three irate, hostile judges? Our .^lass had much to dis- 
cuss . _ 

In the field of energy we have similar discussions and debates. These 
center on the '^thics and morals of the sltuatibh. Why shbuid they cut brf 
o r oil? Can the poor pay their bills? Will we gc bur fuel? Where is 
the -4:nf it? _ _ . . 

Physical Science, is the fbrmal first step in studying thi: -.^iseen w^rld 
zs opposed tb the seen wbrld of Earth and Life scienc^^-;. Physical science 
is the science bf alj the immensely powerful invisible energies such as 
gr- ity, magnetism, electricity, light arid scDund , al 1-out mysteries of th^ 
universe, Prroblem identification and solving techniques dealing in th3se 
ener.'^ies and uo;^ to communicate are addrc^ssed Sy the student in groups of 
tWo or more or by themsei v . 

The program is related tc the student ' s everyday experiences . It 
keeps up with the accelerated pace of discoveries and its applications are 
in the news around us practically 24 hours a da;^. Thi^. leads to a tremen- 
dous impact on the culture i" which Wf. liv,c. What we teach tbday may ribt 
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be true tomorrow. Our content may be physical ice but our focus is our 

eru' i ronmeiit . Sr , wc have studied a number ot locally relevant issues, 
places, and *^ver'^".s. 

Ri ^hc now we have '^he !)ioxin controversey and we just f \nisl' d the 
iandfiil problem. We l.-'ve car own energy problem in bur school and v^\' 'lave 
our families* soaring bills which we wish to cut back with infer l ion 
about conservation. We once taught mechanics with toys and endc^'. up ai the 
Six Flags amusement park _ to test ideas on the big toys ^ such as roller 
coasters. **P.M. Magazine" then came to our c 1 j^srdom _ and televised us for 
national T.V. Six Flags spent $3,000 on us at the park because it was ope- 
€!xc]usively for us to conduct experiments while all their personnel were on 
duty . 

Wc get out of school at other times as well. Wo have 100 acres of t ie 
best fossils in the world around onr homes, for the school is in Imperial 
Valley, repute! to be the best in the United States for fossils vjf certain 
kinds. We have won many awards for fossils of mUseum quality fduiid in the 
septic tank field at bur school and in oUr crp-ek. Mastadon State Park is 
next to the school; a park which our childrcii tielped to obtain. But, that 
is another big story. We are not wealthy but we get involved up to oar 
necks and, some would say, in over our heads^ 

Opportunity is given zo every student to select a subject or prob • 
which interests them. They develop and actually research this pjoblcrr. Lor 
two months. Experimentation follows and, then, data is collected 1(^ Ing 
to a solution. This experimentation involves the stud*M\t so deeply that it 
has led some to careers Student contact with knowledgable persons in v.'^ -~ 
ious fields ha.s taught them to forget adolescent shyness ahc^ communicate 
■ iirough speaking and writing. 

Even though, I have 18 7 students in. six classes much of the program is 
individualized for every student arid it is self-baced ever^ Jay although 
this is slowly killing le . T hope the gifted arc challenged, * he av rage 
irisp.red, the slow ericburaged, arid the burn-r)i t,s scolded: nil wot:, at c. 
their bwri speed, but, I do say, "At the end of rlie week 1 v.a.it Experiment i 
on Light, finished or not." I want them to try to organize riit^fr time to 
meet t; it deadline. T find if I don^t, some drag on for weeks what should 
be done in one . 

The essential content of our program is experimentation, measurement, 
graphing, five steps of the Scientific Method, Light, Chemistry, Engineer- 
ing, Electricity, Energy, and Mechanics. All are essential but some years 
I do more in one area and other years_ I_ do more in another field. Never do 
I seem to have enough time to do all I wane One tirr-:? figured I cbuld 
teach seven years without repeating. However, some I ^o repeat, as chil- 
drm request favorites that brothers arid sisters have tr.iked abbUt Iri other 
years . 

The first week I give the minimuu of class rule^ and explain them. 
Theri ^e discuss them. In this way I fin I I get general compliance because 
students have input and understanding. I plan the lessons, based on ^'ears 
of what I know they lil^e, and introduce new ideas to try out: At r. ..nes 
they ask, "Are W2 goir:^ build windmiilr like they did last year?" "No," 
i answer, "this year I thought we would try Eifel low-^rs since we haven ' 
tr'ed that in seven y^^ars.*' Last time t >st of the students* efforts 
resulted in objects that resembled space ro kecs. 

Every Monday I give then, their past week^s grade. One tijne f^r fun T 
gave the highest grade the seat furthest removed from me. Thry vie frr 
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that iiow arid it resulted in seating from highest to lowest every week witli 
't'ho lowest being ''Teacher's Pet" for the week: ''Teacher's Pet*' is the desk 
ii^x; to iiiirie and that porsju helps pass oat papers and assignments. \ou 
would be surprised hov^ scmu swii:ca around: 

Each week is very different but i wi i i describr. one past VK.ek as an 
example: We scartc^i the unit on Light with the first experiment being rr ^a- 
suring light intcisity and illustrating the inverse square law. On -.day 
T. pat directions on the blackboard on hov to make an optical bench for only 
thirty-five cents: The studonts follcw directions and watch and lean, from 
eacli other while making viewing cards, scalei^ Jiid grids to read, and a 
iiome-made flash light from two batteries, two wires and a small ligl bulb. 
The ccirds, scale card and grid are placed on clothes pins with mar' ig tape 
and the clothes pins clamp on the meter sticks. Now we have )ptical 
}>cnch. On Wednesday we discussed the proble»Ti of measuring th^ ead of 

light, and illustrating the inverse square law. For research tb^ obked up 
the iriv<^'rse square law in encyclopedias and copied it down. V discassed 
b->w complex it sounded and how it would unravel and become relevant when we 
did the experiment. Some finished making the charts; we were goihr^ to use 
at that point and others got started setting up their appAratus . 

On Thursday everyone was ready to experiment. Flashlights were read- 
ied and then the overhead lights were turned off. They were able to obtain 
figures for the spread of light on the grid and obtain the pattern of 
squares as light spread out. By using an old photometer we can obtain the 
intensity as well. Ort Friday rhey completed the graphs that they made from 
their charts and discussed the good and bad from the experiment. They also 
discussed what they understood or didn't, wrote conclusions, and handed it 
in lor a fi.'u: grade. We use a_ variety of texts designed for junior high 
anc a number of unit? from the Elementary Screhce Study (ESS) as well. 

We alio use some computer software although only the math department 
has computers. This year we've purchased software for mic rbcbmputers to 
use in Science. The only way we'll have a computer in science is to use 
ou: own _pr ivate ones ^ 'nee the school can t afford mahy^. We ui^e film- 
strips, films, filmlooi ibh*i: Club donate the projectoi to me) and many 
outside speakers. Our films illustrate the *:.-ientific meLinod or d'^finitely 
refer to c unit or subject we are studying: Our -jchool belongs^ to Goopc, 
atirig Schcol Districts** and we^ receive our instructional films that way: 
We also ur^>i Search for Solutions and i nse speakers from utilities, busi- 
nesses, and groups who refer to the subject or gene nl careerL-. 

I begin *^^he year in August by getting acquainted w i th tlie ti tudents and 
a discussion of class objectives for the year. As a group, we generate 
class ''civilization" rules. Developed with student input and understand- 
ing, they see why certain rules jre established. I give a weekly assign- 
ment of n photograph to be found in _a magazine or newspaper. The assign- 
ment 1 ased on a sciv^iiger hunt. The student never knows where they can 
find it assignment. They must find pictures that show a particuiar con- 
cept, make o.>servat ions , and nrbvide a ^ritteh c*.:iscr iptiori of the concept. 
It is arnazirig how this chei> :j;^ierit' Id observe. 

A year's schedule is posted on the wall sr they can look ahead if they 
so desire. During September I r^•^•iew riiathen^at ical concepts us<Mui for that 
year. These range from aver a; to standard deviation and includes a 

review of graphing. I start p:i \ with fun graphs and progress to the 

"real thing": At this p^inr I a : eview how ^o do research themes for a 
year*;*^ rr ittnaoDS work. i help them to pick top: s that will interest them 
-d y.Y uhem how ""■I: us.-^ 1 rary skills. 



86 



They state tiieir research L;n.^;nie in September .jnd actual research 
be"pin:5". Although resnarcb time is allowed on certain class days, tin 
experimental part is ey*>ecte(i to be done around Dcjcember or January and a 
finj'^hed re{ rt is doe March first: In the FaH we also study measureiTient 
witl students building ttierr own balance scale from scratch. They take 
great priae in their erigi orins; and most of them keep the scales for 
years. Measurements are bas i and important to every student, from the on^i 
who aspires to become an engineer to the ones who want to have their cur- 
tains hung straight. 

Later, we study li^^ht and do many experiments, ending with tho one 
they ail en joy- -taking and developing "rea^ pi^ t.ures" with a pinhole camera 
m.'^de from an oatmeal box. Around December. 1 usual l_y introduce the_ study of 
sirtace tension, usi. , an adapVation of "Kitchen Physics" an ESS unit by 
McGraw Hill. This is an exciting, splashy, learning experience w^ich is 
very inquiry-oriented. Inqui ry processes real ly develop during thit. activ- 
ity and I've learned that many ''elementary'' activities are easily mbdified 
for 9th grade. One of these I've modified is the CSS unit. Batteries and 
Bulbs which leads to a unit developed by the Edisbh Electr * c institute , 
Electricity and me. Investigations lead us directly iritc the current 
Energy Problems. This unit is uimely because the impact i'eather and 
hi^h utility bills Is iraking students listen, desire to ut:: rstand , and 
make decisibnr Career speakers and speakers from utilities are especially 
helpful here. We also do all kind of ^xperdme' :s from Energy and Man's; 
Environment ir.luiir;^ collages, post rs, wi: ;.:nill building, recycltr;;, 
paper and motors:: I also ask students to write themes on various energy 
concepts and issues: 1 like any tea:^hing unit to be multi-faceted and 
I' r.inde community relevance. 

In the sprinp; t begin a Chemistry unit . More r/t/Jt: Ltudents are intro- 
duced to 'PS and the others do simple experj.mo ^.s : bir- Gases arid Airs 
(another ..SS UT^it). This past year I featured c X'^ur e v.perirnerits . After 
chemistry coines mechanics, us -fag toys I develbped iri f^:u cxperijierital cburse 
last year for Dr. Carblyn Summers ji' Hbustbh University. Students gain an 
ert-^.elleht uriders tandirig bf iriertxa, mbrtieritum, arid pot<?.ntial nd kinetic 
eriergy frbrh these toys. Drafting and pre-graphics engineering, including 
Liiiildirig br idges of theii: own des Lgn with matchst icks and glue bring the 
students to the first week ci June and final evaluat i ris ; 

All my science uni-s are distinct entities wiin separate units allow- 
ing students to make up work without getting too far behind in their other 
un:'*ts and grades. i do anything I can think of to teach hetter, to handle 
students who have no sel f -d i scip 1 ine and challenge those who are fast. T 
also vjant to help the handicapped '^.nd develop patience for tiiose wl.6 need 
help b'Siaiicing a scale and can't seem to retain the skill. Resourceful- 
ness, fllong with b'^ing able to give of yburselfi perhaps, is the best stra- 
tegy. _ 

i spend mbst bf my day makirig equ ip>merit , 1 istenirig to students , help- 
ing them irivestigate the expierimerit, arid discussirig the theor' behind the 
rxppriment. I also talk with stnderits about careers arid opportunities. As 
seems to be tho case iri art activity-ceritered class I am always cleaning up^ 
Ibvirig tne work, or complaining ab~ut it : I provide opportunities for 
dai ly eva 1 nation : 

It is diff .'cult zo gran 187 vp. s and ^ at them back as fast as 

I an but I feel it must b iono . A: , i am constantly figuring out nev 
ways to d, in oxpe r i -•'•^•i t i.iiipr' /e an old one. 
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if I wanted my program to fail, 1 wbuld go back to die texcbook and 
forg(>t about indlvi duals and relevance. We may be fdrcec.ub stop sonie of 
onr activicy; an action tliat might harm bur prbgram as well. In the last 
two months any environmeatal study by the children has been drastically 
(Viirtailod because, only three miles away, we have discovered the families 
living iiound the schbol are living bri contaminated grbuhd--earth contami- 
nated with Dioxin, a toxic chemical used_ in the manufacture of chlorinated 
phonbls. This chemical has now appeared in the head waters of the creek 
tiw^t flows through bur campus , _niaking butdbpr studies impractical at this 
Limn. Open hearings bhow the EPA being bewildered and uncertain as to what 
t(^ do; just as we are. The community has requested that we ..ako part as 
scientists in help ag solve this puzzle. 

In addition to our polluted creek, we have a tiny odservatory , built 
iOr Ili^H School use but placed bri bur campus where thnre is little light 
pollution^ However it was tbb far for them to come and it: fell into 
di::i:sc. Twb of bur eart h -scierice teachers are developing materials to use 
witli bbs(nvatbry. We are all looking forward to that^ 

I have lots of home-made gadgets arc pictures , jnost J:y made by stu 
(lei)ts. I ruri ari investigation laboratory where even the negative aspects 
bf bur room aiid situation can be useful. When I mentioned the heating '^nd 
f tabling problem built in with our room, it iiispired one student t^o do in 
(sioi-gy audit on ,ar building- His work with the Administration, School 
Board, and local utility led to a report on his work, which won _a Na t i onal 
F.iu^rgy (Contest, including a trip to Washington, D.l:. fbr hin'sdlf and his 
t (vicdior . ... 

I also use our hcne , a Wi Idf lower _and Wildlife Sarictuary iri AnLonia, 
Missouri only two miles from school. These resources of nature, such as 
small w^aterfalls in my own back yard, arc great . 

Dne of our gaagecs is a home-made, bicycle wheel centrifuge th.it works 
very well. P,lastic cbritairiers that used to hold toothbru^ihes are wired to 
th(' spokes and small, brie-burice bottles donfited by the drug store fit 
exactly intb th'^ p-- s* .ntainers . It works as well ar> an expensive cen- 
trifuge and Ls -.r^r. ir is very visible. 

To bull' aiai; parents and student- good at shop work cut over 

1800 parts du^ o^; :>crap niywoc ' 1 masonite. Each student gbt nine parts 
with which to eng:ineer his scale. They keep theii scales in a shoe box and 
take it home at the er.d of year. . _ ... 

Each class nas locked, home-made cabinet in which ub keep their shbe 
boxes. This reduces theft between rooms. Materials that they rieed for 
v.irious investigations such as clbthds-piris , liqui-^s, cards, tape, or 
paperclips are put oxi the lab desk ^^rch mbrriirig. Orie stur'erit is ass: gnnd 
-o s:raighteri the lab desk (fbr extra credit points), arid one sweeps the 
:ioor ^also fbr extra credit pbirits). Any chemicals we lie in Junior !iigi 
s.^red iri a cabinet that is Ibcked in our storeroom. i pour iiyiids 
for ^'Kitchen Physics", such as water , ''inega*: , or rubbing alcohol into 

ba^^ery iars. Any acid I need I put "'"^ 1 aborted flasks , although at this 
level T try riot to use anytuing ' wronger chan dilute hydrochloric *d. 
All other equipment that use to investigr^tp various probleiT^s is or the 
lab table, in front of my room or on ray desk. 
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Wlum a KCudoiits come to cla?;s tiioy start out with an A ; !: they try 
to work to the best of their ability they retain that A; If they spend too 
nr.:ch time goofing off, allowing conversation to oe more social than lab-o- 
riented, their grades go down accordingly: Uov) to act is their decision 
but, wiicn they become too disturbing, then it becomes my decision and their 
(iocisTOiis cease: They know their daily grade can go down and they have the 
power to make or break that grade. Tliey have to learn to be accountable. 
Eiglity percent love it and do well; ten percen- have no strong feelings, 
and ten percent will never accept; responds ibi 1 ity for what they have done. 
To them it will always be son onc^ else's fault. I keep daily records of 
each student and compare them with those of prev lous years. From that 1 
nan s(^e my own strength:; an'i weaknesses as well as what students like the 
best. _ ^ ve out e/aluation sheets at the end of some units or at the se - 
ester's ei:cl_. I keep st.iListical data and pres ent quarter ly li5i:s of each 
class tis well as individuals to counselors and administrators. Sometimes I 
will ask at thr end i an experi..eht "what was good and what didn't you 
v.dei s tand? " 

I keep daily recbris students, both academic ano . onduct . Their 

Lest grades for each unit can come from work they have already done; When 
something has to be brought from home student^ h.^^e two week^ notice and 
they either have it or tliey don't. For this they get an "A* or an "F", 
Grades are tied "nto performance . 

Althoufli lab papers have been previous; iy graded, they are a^ 1 to be in 
a notebook and in order. I list the contents of tiui lab bock on one eiu! of 
tlie blackboard so everyone has a fair chai/.:e to s ^ ' t expect. Vfhen an 

experiment is reoeateci ith unknowns or when a '^-nt is very indi- 

vidualized it can count as a test as well. 

Student grades are recorded when they wp 1 the classroom e.^ch 

day. I feel .hat fifty percent of my studen s f.. butsccinding acKieve- 

nu^r.t while another tiiirty percent perform far abbvs avera^/e . /\bbut Tiva to 
ten percent «ibn * t db well at all and are resentful that there are no set 
answers -c copy. These students literally begiri ; ^) refuse t*^ work: Wl.Lls 
they have been used to getting by, iii this pru^raTi the spotlight on 
theii own iaciividual work and they want to hide as it becomes more ancl more 
evi :(mt they -:re not doing what they should. "^fi^y refuse to bring paper 
.Hid pencil :.o Cvike anv notes of their experiments an<^ i_ry to break lab 
equipment so other students can't use it. This type of program relent- 
lessly shows ;,p their lack of willingness to dc the work aii(' exposes th'r.ii: 
lack of endcaVc'>r compared to other students. 



SUPPORT 

Oiir superintendent, Mr. J. Rickman, made it possible fbr me to attend 
important meetings such as an o:'cirgy conference in Washington, D.C. alt- 
hbiigh strong, factions ii -he school gaVc him a difficu^'t time by implying 
that he wou Id let me attend svT i ence fairs and meet ir-^s whi le not letting 
other teachers go. He faced down this criticism h;, pointing out that it 
was my students who were competing for scholarships and aw^ 'ds in local and 
international science fairs and 1 was the Director of the Misr^ouri Junior 
Academy of Science and needed to be there or that I was State Director of 
National Energy Education Day. Besides that, he pointed out the good press 
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it brought tc bur schd^;.' '< i i - pal, C; Not.ti;s; and assistant 

priiicipai, L. Stacy, havo r; n J^upj'or ^. : Tho.y b-ivo a^■ays backed 

riie . 

''i^f or Ls are support vvc a::^ hoip liKiij _ r.v' = hoy al^o s-caic to 

the f lass: I scmetimes have wo: : shop m night ' i>^ ... 'IT know how to 

help their children with sci^nC' j^r: i cts; Pavnni s also go with me on 
Saturday field trips and rarnisli c : ar s >o * tat ion . 

."iy administrators encouracre m. because if I do well it is also good 
for them: They try hard to ge. supplies I need aitliough we're not always 
successful because there is only :o Tiuch money. The administration sup- 
ports me in opinions, ideas, and resources; they r^^^lly do back me up. The 
Superintendent lets n\^. go to important meetings and al:vays provides a sub- 
stitute. I don't over-do ^".his as I feel a teacrer should be in the class- 
room. Anii , no one complains about my achievv-*T.ent . In fact, the school 
asks every year for a lis'-^ng of my classes* scientific achievements to 
present to the school board. _ _ 

I have always enjoyed my principals . They have let me albhe; they 
have had confidence in me that I was doing iny best and doing what I should. 
They could see tangible results in the publicity that we brought to the 
school and the trophies and priz^ s the students won . 

Other teachers find this /prdach interesting, but do not care for the 
work and preparation of hands-on science: My own daugliter, a math teacher 
working with me this year teaching my three over ^^low classes , says science 
is much more :-iteresting and fun than teaching math hut also three to four 
tiines more work; • ill, the other science teachers on the faculty more and 
more he *e incorporated experrmertal worl: in their lesson plans and are 
doing research projects also. ^ 

^ get some student input on lesson planning but mainly T plan for the 
school year based on my previous ex^'erience combined with new ideas . Every 
day i evaluate how they worked and give thought to how did _I_ do ; did I make 
that clearer? Dici I become too impatient with the gbbf-bffsV What did I 
achieve? Studimts help _with putting out and preparing lab materials anjt 
with clean up as well. In the begirihihg my lessons are more tt.acher struc- 
tured. But, as ?^tudehts learn thp^r roles arid complete their jobs I ask 
them to help others arid give them more responsibility. They learn more by 

dr-'.Qwhis. ___ 

. . To keep up to date I take refresher courses, go to workshops, and read 
pi-Df essional journals. Right now we are working on the dioxin problem, in 
this cornnjnity so i am learning all about it. Opportunities to interact 
with pc "pie in science are beneficial for me as well. 

i-fouid like to be the Science Supervisor (if we had one) because ele- 
mentary teachers are begging for in-service workshops arid I would l:.ke to 
h^lp thcTi plan but I have no released time. Now, teachers from private 
sc' :)c^li> in the cpinmunity cofne once every cwo weeks tb iiiy home at night for 
iG^c^s arid thty also w_a:-t me to do wbrkshops iri summer. 

If I were able I wbuld go to their classrobrbs arid directly help them 
by cioirig ^mall workshops at each grade. I want so much to do this and 
sprerid what I know around because I know my experiments are good. ^ut , 
teaching six classes a day gives me no time to go to other schools in o^r 
district. If only we could afford a science supervisor! i feel frus- 
trated: 'fhe Superintendent remarked one time that some teachers are so 
jealous of roe that they would never cooperate. But something would work 
out; they are just insecure, I want to give and take more workshops. 
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When NSTA came along arid recognized my work I felt a lot of personal 
satisfaction i also got satisfaction for other awards 1 ike Outstanding 
Science Tea lior of Missouri, Outstanding Science Teacher of Metropolitan 
. Louis i c the Conservation Award. T also appreciated beifig State 
Director of National Energy Educat idri Day arid State ')-.rectbr of The Mis- 
souri Junior Academy of Science. Another reward was teaching a summer 
class for gvfter high school s tuderits at the University of Missouri-St. 
Louis. I only wish the tarigible rewards for teaching were as great; 

In my bwri school, as I educate iiew Physical Science Teachers (who 
replace those who leave the field for business) , I act much like I would in 
a teacher st.udent-teacher relationship. Some, likec.my own daughter have; 
worked w:'th me; others have f blind the preparation and work exhaus ting , and 
gbrie \ k to teaching out of a textbook: They said "hands-on" was too much 
work and they didn't want to take that niuch tim^e: Wj^^ri ^ ^lew 

teacher > I spend about two hours a week with thera going over the next 
week's work: 

Teachers need enthuoiam as well as masking tape, paper clips, and sta- 
ples: A teacher with imagination, enthusiasm, and a creative mind can do 
wonders: Teachers should be no different than a child who enjoys discovery 
and sees ''newness". Tciaching is as much a matter of. imagery as impart irig 
actual facts. The greatest barier of this program's success is a teacher 
who is "married" to a textbook and teaches pure facts withbuu fun. What 
the students had fun with is what they remember thrbugh life. 

The National Science Teachers Assbciatiori has irifluericed me greatly. 
NSTA gave me the bpporturiity tb discuss my role in assisting Dr. Summer on 
her mechanics prbgram arid tellirig my part in it at the Nashville regional 
NSTA meetirig iri 1981. 

Students learn how to do a scien-e experiment in five logical steps 
arid report oil it in such a way they can communicate it orally or in writ- 
ing. They have jeen very s^iccessful at this. In my sixteen years of 
teaching three of my students have gone tc the ii ':ernational Science arid 
Engineering Fair winning thirf- - lace t.Zil other prizes. I have had _two win- 
ners in the Wv;St inghouse Taleiit Sear h; six rr^'th winners in Jeffersori 
County, Missouri Science Fair; Eighteen 'lissoui i Jur ibr Academy of Scierir.e 
winners, ^ne who placed in _WMSL Engineer infc- ^ _ Sciirico Sympbsium; 106 Scho- 
larship winners in the St. Ji' • j 4 ?c>st -Dis^e :ch Science FaArs; and 378 tro- 
phy and ^lue_ ribbon _wi;;ne.rs at the Morisoritb-P« .^t Dispatch Science Fair . We 
also had a 1981 National Space Shuttle Regi.^rial Winner and . in 1981-82^ two 
national Eriergy wiriners fbr Individual Resftitch Work- ^OQ^ J^y students 
have become Studerit Cb-Difectors fjr th*». Statv?; of Missouri on National 
Eriergy EdUcatibri Day. One has appeared bc:iore congress in Wcshington to 
speak on the Energy Education needed in a school curriculum. 

While I was at Washington University Arthur Holly Cauipton, resting 
from his duties as chancellor, used to come over t.o the phy':;ics lab wherc^ I 
was aiuays s^rug.'^iing c cter school. Dr. Comptor .Iways teased ine_ about how 
i would set Physics back for twenty years and tiidt he had better help me so 
I wouldn't blow up the world. Ami nv> with his acorn! Dr. Cbmptbr and two 
other professors , Drs . Jauncey and riagerbw ^ were vai' merivbri --they have 
prove'.: necessary in the business _ of _ gett ing ahe^.:^. - ^ot a self-Lade 
achieve"-. Mv husband, a. Kemps Kirkpatrlck bburi^ed ideas bacV . :?d forth 
with_me diu^ helped maki many oi my id^.as practical. continues to be an 

; ;'/aluabIo. source c^" r. spiratibri. Wil.liai. McCbrin^ll, professor at Wv^hfiter 
l.'.iversity, Ipea n.^ l<5arn tb fbrmulf ce "iiy idssas '^hiie tcacnin^? me c ing 
xriq' i- V . 



87 



Eddie Davis, . Senior Administrator of Community Affairs at" Union 
Electric ihtrdduced me td.th^e community, encouraged me t-o present my ideas 
to other schools and used my role as an Educational Consultant for Union 
Electric. Between _us , an Energy Program was launched. Now, my oldest 
daughter. Vera McCulloughi team, teaches with me in Physical Science and is 
helping me improve the program by introducing microcomputers. My son Rod- 
man, a petroleum engineer in Houston, keeps me posted on t'^ \ rv latest in 
eiiergy for my program. My .youngest^ Becky Anne Kirkpatrit.. a s.y.. terns pro- 
grammer/analyst informs arid iristructs me on the latest >i . ><\cs, compu- 
ters, arid space. My sbri-iri-law. Car] IcCullough , a med .b technician, 
keeps me irifdrmed arid iri touch witii nedical work and gives me cast-off 
material that we use iri bur laboratory, 

I wish to give special ^ ■'s to Dr^ Charles Granger, Professor of 
Biology at the University of iri-St. Louis and the i.:. .-ic chairman for 

the Missouri Search for Excf iri Scierice Education. By noticing my 

program and nominating me as buri State exemplar, he has allowed both 

me and my program to gain impc : recbgriitibri. 
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Chapter 8: I hdividuaiized Science jnvestfgatibns 



By 



Lawrence D: Fnnque 



North TooIr eounty }Um ^ S^hqol 
P.O. Box 710 
Sunburst , Montana ~ '^4J.^2 



Sunburst, a small prairie community 120 iTii les nbrv> of Great Falls, 
Montana, H miles from the Canadian border, and 80 miles ^ast of Glacier 
National i'srk has a population of only 40D people. The community/ s finan- 
cial base rests on farming and oil and seems fairly stable. Most . of the 
families are middle -o/.ie in status. The climate ranges froni warm in the 
summer to very colo. in the winter with very 1 - ctle rain at any time. North 
Toolo Liounty High ^choci, with grades 9-12, l.as PO students , 12 teachers , 3 
principal and 1 sclibql district super in Lendj^nt . The high school building 
was constructed in 1951. The grade school and junior high are near but in 
separate facilities. The atmospnere is general iy academically oriented 
with most students involved in a number of extra-curr icuiar _act ivit ies 
ranging from band to athletic . Discipline problems are f ew ^_ The science 
facility consists of an officv^. , a classroom and a separate laboratory with 
an attached supply room. Tables rather than desks are use^. in the class- 
rcditi and the lab is well equipped for a schcol bur size. The school draws 
students from a large rural aiea. _ . 

in 1971 our Science Seminar invol^-ed CDrisiderable individual student 
research. Lai^r, the program was expended to rnelude minicours work ii? 
zoology botany, and microbiblbgv arid oppdrt' "nities for senio . tcD^ tutor 
unde:-, iassuieu. ' Many of the res.^arch students entered science competions 
such as science fairs, symposiums, and the space shuttle contest. The 
hands-on, individualized student rese^ar-:^ ap: roach and emphasis cent .nues 
without changfj. We only requite Biology cliis course is an elective for 
all students. We are considerii^g moving tc r •:wo year sc^ience r equir emen'. , 
however. Ls a teacher, I have had almoi^t c«'jmp?.ete freedom in d' v sloping 
bbth the f^lcilities an' the program . . 

Originallyj a few -^tudentr v^ere doin^ prcj^cts -"n nheii own tirje. As 
time went by, more and mo-o students became inter ested and irivbl . ed EvL-n- 
tually, over a twc or three year period, the niiQ-'ber o." studciici. ipvolvea 
became too many to :iandle extra-ctirr tcularily . At this point .:he adminii- 
tration was convinced of a need and ad.ied the Individualized ^c- ^nce^ A"^ 
ti^^tionc coarse to the curricuKun ^^.v m clectli'e , g; ving s toients and 
teacher more in-school time to pursue the ir :T;divldUfl] interests: . 

Original program inspiration was a result of student enc.siasm and 
the powerful interest and ericburagement v)f the late Paul Schramm^e^^ 
math-scde^oe teacher whb was jur SLiperintenr^ent^ Stucient success in sci- 
ence con.patitioris was an insr/iration as as the realization of Mip need 'cor 
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fi program oombi: i.ng acadamics with cbihpctit ibii . We wanted a program 
giving giftp.d stiidpiits a chance to do rather than Just study science. We 
w:inLfH.1 to direct capable students toward sciieritific careers and enhance 
^('i/;no' literacy: The c-^iribiiied support of the admin istrat idh , staff, 
pn rents and school board have been very important to the success of the 
program: Their contributions involved ciicouragemierit , interest, funds, time 
and cooperation: 

While we deveioped a student research program we also individualized 
coursework in specialized nrias such as botany, microbiology, zoology, 
math, and psycliology. These mini courses accomodate student interests and 
luM^ds in a srnaH sciiool where the curriculum and staff are limited. This 
approach has allowed the science curriculum to develop within the frame 
work of a regular school day and personnel: Prof ess ional * Journa Is provided 
inspiration as well as_ background ideas and information for student pro- 
jr-cts. I still find The Arhei icah Biology Teacher a particularily good 
Journal for this purpose. 

Students involved in the ISI program ar( "lade to feel special and are 
provided with bright and comfortable clai:L-i ' ms and labs. We have pre- 
served plant and an ima 1 d isp 1 ays , large wal^ urals of a forest scenes and, 
in the lab, pict;,.es of the moon grace the alls. Many living plants are 
placed on the t^^blcs in the c lassrbbm . Li^^ . .g arimajs such as fish, cray- 
fish, crabs, gerbils, lizards, and a pari: '*King Tut*', are cared for by 
the students 

Hot water is available foi students hb want hot chbcblate or tea 
while they arc working in the lab on thei projects during a study peribd, 
at noon or after school: A s^reo-radio purchased by the math-science club 
is available for those who uant to listen ^ L> music while they work. A furr^e 
liood separates the classroom from the \ :r> allowing the teacher to conduct 
class in the classroom and yet observe sta:-ents working in the lab: Quar- 
rcrs are p^>t cramped and equipment, is readily accessible: it is a very 
. '-efu! and .rm fort able place in which to work. 

^u P ' ' ... board displays are colorful and irfcrniative and an inspira- 
' M ■ of the^ee.c is present. An a-^igiimer board is used and liome- 
v ^ 'in' and "out" bbxfts 1 ihe one wall while individual bookcases filled 
with reference bobks lire another wall. AV equipment., slide previewers, 
slide and filmstrip prbjectbrs, movie projctbr, and tape recorder are pre- 
<f^7iC for class or student i^^e. 

Pictures, charts, skeleton.s, and models also arc displayed in the sci- 
ence i: : An office near the classroom is used as a stbrage rbbrii fbr 
impoi :-.^nt - ref erencn book- nnd valuable pieces of equipment that need to be 
locked away. This area is aiso used as a work area for stuaent . experie- 
ments that mus't- be conducted under very control led' conditionL . 

For a small school, we h^.ve managed to coile-^t a good deal of eqiiip-' 
ment, we have a spectrophotometer, analytical balance (toierence :000r 
gram) i Gnvirpn-aenta 1 chambers, laser, photomicrography equipment (poioroxd 
5c 35 mm), medical and phase _i.iicroscopes , water and soil analysis equipment, 
solo-learn programs in biology and chemistry, audio-visual equipment for 
student use, incubators, and high temperature c*nd drying ovens. A photo 
developing and prbcess ing lab is available for sti'^ehts along with two i ume 
hcods, millipbrfc filtratibh equipment, e lect rbphbres equinmerit, geig-^r 
counter , and a refrigerator . 

While some equipnent: such as fidlatices and incubators ave available in 
thr i:ab for general '\s<^: , most materi'^.ls oUch as chemicals and glassware are 
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kopt. jh the stc / room near t^^ c i assrocnn . Mator i al s are di s 
the t(^.acher or laboratory assistants: Dangerous chemicals are kiipi in a 
:;!Ptdl cabinet in t .I'e supply room: IS! students usually have. access to the 
.supply room biit ave not allowed to use dangerous materials from the metal 
cabinet or conduct dangerous experiments unless di rect ly _ supervised . Clean 
up is the direct responsibility of students although lab aidef> do theii' 
share of general clean up work: At times an entire class will help with 
the big clean up jobs: We have an open lab policy and students are at 
times allowed to work in the lab on their own (evenings^, wee:k-ends) with 
permission as long as the work they are involved with isn't dangerous. 

OUR PROGRAM 

The Individual Science Inve- ^ig ^ -ons course is b<isically a problem 
solving coarse where students idc. cix ^iiCi select problems they want to 
research. Participants in . v i du.^ j v.^.d Sc ionce Investigat ions are gener- 
ally of hi^h ability altb lowe ability students are allowed to take 
the course ^if we think it .t benefit them in seme way: Hlass size is 
asually kept to around 10 students since it is hard for the teacher to take 
more than 10 students when he also has a normal class load. Students gen- 
erally have an excellent attitude toward the class. it is an elective and . 
they are there because they want to be: There is a tremendous amount of 
satisfaction in completing a job and doing it well. Also there is ao 
stigma attached to the course such as ''only the brains are involved in sci- 
ence projects." Participants usually are involved xn a wide variety of 
other activities like student government, cheer leading , band, or athletics. 
We have riot had any handicapped students in the program. 

Students hav<^ the freedom to choose their own_ jpror.-cts according to 
their interests and future needs bi-t, when problems arise during the 
research experieitce, they must be able to adapt in order to work them oat . 
^ome of the res;>arch they choose relates to careers or current problems, 
such as polintion, i.utrition, or energy. Students choose resec ' areas 
that xntercst them and after they_ become more knowledgeable abcu _ these 
areas they may decide to_ente^ v "^i^ld involving that study . A1 sc , they 
may realize that they only thou :.h^ they were interested in that study and 
may decide ^o pursie something el3e. Either way the experience is a valua- 
ble tool in directing studeriv:s toward careers . 

Stud "s are often able to relate their research to modern social 
probl.^rr.s whicii helps thern decide which side or bpinion the; will support 
and why. For example, an experimental study of mutagenic agents may lead 
the student to a realization that food additives y be harmful to the 
human body. Such a r€«:a>ization may change a irking habits. If 
Lhe decision they make involves a proble wit ramifications, it 
may influence hov? they vcte. _ _____ 

^/plicatioT"--; r.^ research are always cor.Lxd:: c- ' ^^_^.^A^A^ ^^.^ .^^ '^ 
project and many times such af^.x. ^ ations in' bive VciJub_ judgements as well 
as moral and ethical con- * ':<eratibns . For example, is it right for a ^"armer 
to uoc a chemical agent it a better method of insect control is avail^-ble? 
Also,, the actual invcivement bf animals for experimental purposes -.Jten 
involves ethical ! cons iderat ions . 

Gifted students are encouraged to choose more challenging projects. 
Students individual'iy reet with the superv^is ini^ toacher who answers qa--.s- 
tions, asks questions, makes suggestions and erall> helps to monitor and 
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direct, t > si>".ionl's progress: AJtiKHigh choir appi'ocli usaajiy involves 
scientific iriqiiiry, maiiy mod j f icaL ians of how they inquire may be made 
along the way to reaciiing th^nr- goals: Students budget their own tir and 
plan their dwii approaches: Design and construction of experimental equip- 
mbht, the research, the piofessional paper, and display materials all 
ihvbi\e their own cfc^at ive abilities, insights, and production. Certainly, 
this appi'oach is sc ient i f i ca 1 ] v valid and is a culturally acceptable and 
useful way of logically solving problems. 

The maior goal of scientific research is to benefit mankind although 
pef:soiial satisfaction and ccoperation with other students in sharing equip- 
ment and discussing each other's work are r.'-^o important aspects. Inter- 
acting with professional scienti.Mts who advise them during their, 
rnsoarch contributes to the student.s* skills a.-d scienct^ liter: as well. 

Many different kinds of problems are ex:^lorcd in the IS! prograr^, some 
witi[ local and community significance and many involving the natural '-envi- 
ronment. For example, students have conducted a 'i^v_ of the bacterial 
content of community water supplies, the effect ot c i 1 spills bh local 
flora, and a study of the parasite load in the local dr.T ^(^pulatibn. 

Often businesses in the commun i ty may make a contribution. For exam- 
ple, a local elevator supplies one student with plant seeds for a botany 
project or k farmer supplies a student with so i 1 samp les . f or an agronorny 
study. Several projects have fbcused on students tbems-elves: Two examples 
are a study of visual perception in grade school students and a study of 
nutritional habits of high school students; The pr'blem solving process 
can always be imnrbved with practice and should carry over to situations 
involving every day, ncn-sc ient if ic pr^'^^b lems_. 

Although the work is iiidiv idua 1 t^f.'^d , interaction and cooperation bet- 
vet^n students is encouraged ana sometirrics necessary. Students are requiroo 
to have understanding of each other's work, so some time is spent with 
groups of suudents discussing th^ir work. StuJents may at times teach each 
other special techniques needed to carry out their reseach. A second year 
ISf student may teach a first year student__how to use the millipore filtra- 
tion e.quipment or perhaps, an dUtoclave. This interactibn between students 
and teachers is continual while interaction between .students and prbfes- 
sio:.;l scientis.., ■ ^curs frequently by phone, letter and sdmetimes person- 
ally. Often parcrits are invbjvcd in some facet of :.he project and commu- 
nity members are called upon b*' ten for advice or for needed miterials. 

The intellectual and sbci:il growth of the student is always cf utmost 
concern during the year with different methods being used to facilitate 
this prbcess . Our open lab policy is designed to help students grow more 
responsible. Strategies for growth ar deve 1 oped accoraing to the criteria 
bt the teachers involved: If they don't work, new approaches and criteria 
are developed and old ones modified. This, too, is an ongoing process. 
What is taught and how it is taught are directly reflected in the philoso- 
phy of the teacher which in turn is based on, his training, personality, 
past experiences, and interest. _ 

Most of all, the teacher ' s . rp le is that of an understanding person who 
will trust students and take their ideas seribusly. A cbubination of 
teaching strategies is used inc luding smail group lectures and discuss icsns, 
demonstrations, overseeing lab activities: rnd individual conferences : Most 
of the teacher's time is spent with in«^ividiial students : Ths teacher is 
the piimary resbiirce persbri in charge of directing the research v^ctivity of 
students. I avoid doing too much for the students^ and they assume respon- 
sibility fbr brgariiJririg and carrying out the research on their own. 
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f^rbblem ident i f i ca t ion and solving arc Goipliasized by placiiig 
cons id(^ rah 1 c irrip)ort ance on oxper imi^htat ion . Experience iri cbl]< Aihg arid 
brgariizihg information, asking the right questions, developing hypotheses, 
learning certain lab tecliriiques or how to use different types of scientific 
equipment are vital iri the process of experimenting. Graphing, statistical 
aiKilysos, i lU e rprct irig results, clrid writing a scientific paper aire aspects 
of cbhimuri i C'i t ibri riccessary fbr these scientific processes as well. Con- 
structing a display, the judging experience aiid oral priasentat ions also are 
inii^brtarit. Develbpirig eriglfsh ski 1 Is , cbmmunicatidn skills, patieiice, per- 
servo rrrice , arid budgeting time, rtiay riot seem like part of science, but they 
are critical to bur program. 

I believe the ISI program goes a long way in not only helping the stu- 
dent learn more about the processes of science but also in helping them 
gain experience in a number of other areas which will help them become bet- 
ter students and more successful, responsible adults: Not many other 
courses do this to the extent ISl does. 

Students play a key role in seiocting projects and carrying out exper- 
imentation: The teacher is the advisor; a resource, a facilitator. There 
is virtual iy no group lecture time and never any exams. The students pro- 
ceed at their own rate and are responsible for their own work areas. _ In 
return, tfiey have certain privileges not available to other students. 'Hiey 
help maintain th'^ lab and they can lose their privileges if they dbn * t shbw 
adequate maturity and responsibility. After students have cbmpleted a prb- 
ject, an evaluation is made which involves the studcrit. Hbw much have they 
learned? Welook at the quality of theif wbrk, their bpinibri on hbw well 
they did, and their own expect at ibris . 

The eritire pibgressibri thrbugh the scieritific method in ISI involves 
cbritiriual decisibri makirig bri their part. They must decide when to start 
the experimerit, what to do, who to contact for advice, what to order, where 
to wbrk, and hbw many experimental subjects to use: When they are ready to 
present their projects, they make similar decisions about their written 
prdject, their oral presentations, and their displays. 

If yon were to visit our iSi class, you might see some studr^nts writ- 
ing letters whiie others are going over letters they have just received 
from consulting scientists. A student may be making a phone call to a 
resource even as another student is teaching rbmebne how to use a certairi 
piece of equipment. Some are setting up equipment or cbrisultirig with the 
supervising teacher. Others may be brderihg materials frbm a supply hbuse 
or typing professional papers. Late iri the cburse, sbmebrie may be iri the 
woodshop constructing a display. Studerits aisb may be wbrking on mini- 
cburses , eriharicirig their cbriterit kribwledge iri various areas of science: 
Sbme studerits are usually iri the library researching background informat ion 
while sbme are collecting experimental data. When a student has all his 
work caught up and has little to do, he may even be doing homework from 
another class. Students may be using the computer for instructional pur- 
poses, for word processing, or to learn more about computers. Students 
also consult with other teachers for advice on certain aspects of their 
projects, papers, or presentations. . _ 

The course is an open-ended individualized research program where lit- 
tle formal teaching is used. Unit plans don * t exist because each student is 
self -planning. We do plan for teaching specific skills as rieeded arid bur 
long range goals for all students are similar. Our apprbxiinate caleridar of 
events for the year follows: 
SEPTEMBER 
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1 III rcKiiicL i on lo con r so 

!'lju(^ progr<]m on r^^scMicH m<alib(i scii^ncn conipo t i I i oiis . 

( 111' i vai i OH ) 
Assign lab (irriwors 

Sf^ioct ro'sc^.arcli pi'ojoct niid bogin to astahUsh 

contacts with roso.arcli scioiitists who may 

ho ahlo tc. advise contacts with rosoarch scientists 

may hu cib]v to advise the stucient on certain phases 
his work or provide materials; 



no 



(;<nhor information about project and h(^gin 
1 i h r 3 s e.arch . 

wa.ht" materials needed for research 

instruct 1 m on use of basic lab equipment 6c techniques. 



1 . Indi vidb .1 conf (^re.nces . 

2. Kxpcif imen c at ^ on underway 

3, Library f.earcn continues 
DKCEMBER 

1; r imfni t at ion 

2: J ::;1 1 V : dui^ conterences 

3; Worf. -'^n ^-a :r sl^.u 1 1 1 e _ propos a 1 s and Junior 

S ience & Hur..'.. ities Symposium presentations: 

:JAM-'2\KY 

1. Kxp<'.r ir.;enta t ion 

2. Inciividtial conferences 

3. Work on space shuttle proposals & symposium presentations. 

PEFRrARY 

1. Hxper i mehtat ion 

2. Individual conferences . . . 

3. Continue working on space shuttle proposals & sympiosium 
pre.sen tat ions : 

4. Analysis of results 

5. Statistical analysis 

MARCH 

1: Experimentation completed 

2: Construction of display 

3. Individual conferences 

4. Preparation of prof ess ibrial paper. 

5. Participation in science symposium 

APRIL _______ 

1. Participation in state science fair 

2. Participation in school display night. . . 

Only juniors and seniors are allowed to take ISI and then only after 
they have established background skills in mathematics, the physical sci- 
ences, arid biology^ Their projects commence with an idea arid end with both 
ideas 'and a product in the form of a complete display and oral presentation 
of the student's work. Research takes time and the students are allowed 
about seven months to complete their work although two-year projects may be 
undertaken with teacher approval. 

About 10 students per . year undertake this program . The students are 
in class five times a week and are allowed to work when the teacher is 
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iwiilahlo during study hall, Ills prep period or during the Gstablished ISI 
Mcriod wliich is iho. last p<?riod of tho day: With the last poriod class and 
'ihiMV optional tiril'-^s wc hav(^ a student to teacher ratio which creates few 
[ii>::iag. 'h^nt *.>roblems aiid allows students to continue tlieir work after school 
wilh^;.- i":.: 'tLi*^t"i- Also students may work in the lab during lunch or in 
the T; : '1/, ih permission and as supervision is available. 

' r iilual development and success of the program has established a 
certaii .it' tide in our school: Students taking ISI are generally admired. 
(3c(:as i oii:. ^ 1 \ , hcwever , the students involved in a program such as this are 
labeled "the brrMis" and are thought of as different. We work hard to eli- 
minate this type of prejudice. ... 

To attract new stucp ns the supervising teacher spends some time dis- 
cussing ISI activities wi \ underclassmen. At times ISI students may be 
iskeH to present a specia :cd topic to another class and also are availa- 
ble as tutors. A mot ivat iL.nr» ^ slide program_on student research, science 
competition and the Internat iona x Science & Engineering Fair is presented 
to sophmore biology students at the end of the school year. 

All biology students are required to do min i -pro j ects of th^ir choice 
and write short professional papers. This introduces them to problem solv- 
ing work. Many of them begin to develop an interest in this area and wish 
to pursue it in the ISI program. We also have a project program tor junior 
high students so they are often familiar with project work when they enter 
high school. 

ISI students have certain privileges that other students don * t have^ 
For example, they have access to lab facilities after school and on week- 
ends and a rcither informal, confortable atmosphere in which to work. The 
"hot pot" in the lab for them to make tea or cocoa to drink while tli \y are 
working and a tape deck so they can listen to music while they v^orK are 
well known around school. Also, the school is small enough so that most 
students are aware of the awards, scholarships and trips that ISI studcTiLc 
often win and this is certainly an incentive even though students are often 
reminded that these are not the most worthwhile goals of the course. 

Problem solving courses are always relevant for we have many scien- 
ti.ic and non-scientific problems that need solving to make this world a 
becrer place in which to live. You certainly don ' t have to be a science 
car<^cr oriented student to benefit from a course of this type : The course 
is individualized and students are of ten att racted because of this : "^^^^.^^ 
are no exams and ho homework; students have a vested interest in learning 
aM<i working at home. 

Any materials that provide students with id^as for possible research 
projects or background information for project work are used. Such materi- 
als include science reference books, science texts, lab manuals, scientific 
journals, and popular magazines . Slide programs prepared by the taacher 
are used to recruit students, explain the program, and motivate student 
interests: These programs include sections on the scientific method, the 
state science fair, the Anaconda Company Scientific Achievemerit program, 
International Science and Engineering Fair, Space Shuttle Cbmpetitidn, Jun- 
ior Science and Humanities Symposium and_ the Navy Science Cruise. Biotech 
modules are used to teach students specific skil Is whi le fi 1ms trips enhance 
concepts,. I find three source books very valuable, "Th^se are Nuts and 
Bolts: A Guide to Science Fair Projects, by Van Dsraan and McDonald. i 
requ_ire that students read this over . Guidelines for High SchobI Students 
bh CbhdUctihg Research in the Sciences by Lyon, and A Handbook of Biolo- 
gical Investigations, by Ambrose and Ambrose, are also quite useful. 
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()>asid.> ro.foroncd oebple ai-fe also co.isuUed by the .sLudbiiLs with 
couLacLs mado by lotLor. p!.bn«. and someLimos in porson. On o':casion stu; 
d.M-as will travol to a rbscarch facilUy at a hospital or university to 
ompicto some phaso of their exp(^r imnntat ion that they cannot cbrtipliatc m 

t school lab . ; J I 

Each year tho program, is . anted by the tdaching team and changes 
are made based on past mistakes, student needs, and insights into fntnre 

directions. , , . ^ -i 

tho program is reviewed annually by several teachers and the princrpaJ 
i„ an attempt to devise new and better techniques which may resnit in 
improvement. Modifications and changes that are deemed necessary are 
implemented the next school year. _ 

Students are evaluated by the supervising teacher at the end of each 
semester. Since the basic approach involves problem identification and 
solving techniques, how well they use science methodology not only affects 
the outcome of their research but is reflected in their ability to make 
rational decisions: As they gain experience in using this approach they 
should become better at it and should be able tc reiate it to other ar^as 
of their lives that involve problems of both scientific and non-scientif ic 

°''^^^Students are evaluated by individual interviews conducted periodically 
to determine how well they are progressing with their wor^ and how much 
they know about their projects. The final display and professional paper 
are evaluated by the teacher and a letter grade is given at the semester 
and at the end of the year. Awards at science fairs and competitions are 
useful in evaluation of student work as well. . 

The teacher self-evaluates and receives feedback from the principat 
and students. Student's work, displayed and presented ojaily, is cer- 
tainly a visible and public reflection of the teacher s effectiveness in 
this type of program: 8ne hundred five students have enroUed in Indivi- 
dualized Science Investigations" over the ten year period of its existence 
and 97.2% have completed the program. At this time 23% who completed _ the 
program have graduated from college and 8% have graduated from a technical 
school. Seventy-one percent of these graduates have graduated with a sci- 
ence or science related degree and 54% are currently active^ in science or 
science related careers. About 39% of those completing the, program ■ are 
currently in college and 50% °r these students are pursuing science or^^^^^ 
ence related study programs. In summary, approximately 70.„ (72 students) 
those who completed the program attended post secondary schools and of 

these 57% {Al students) pursued or are pursuing science careers. 

-'lore frequent evaluation sessions involving the teaching team of sci- 
ence and math would be helpful. A more objective measuring tool for evalu- 
ating student progress and understanding would aid us in evaluating stu- 
dents who do not complete projects or do not win awards. 

Our average cost per pupil varies from year to year depending on^ the 
tvpe of projects the students choose and the amoant of travel required _ to 
science fairs, symposia, and competitions. The average cost per P"P^1 l^^J 
somewhere between $ldO=S200 per year With travel a major expense. At^times 
a major piece of equipment such as a photometer may have be purchased. 
When major equipment such as this is purchased every effort is made to 
ensure that the item can be used within the program again^. If equipment or 
facilities are needed that are beyond the financial reach of bur^hudget or 
seem to have limited applications, then an attempt is made to borrow the 
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itori from a research facility or perhfips the stud(MiC will travcil to that 
facility to conduct some phase of the research: I believe th(i iic^xt major 
biuigcaary undertaking is a systematic, gradual replacement of old or worn 
expensivi* items. We are trying to do a little each year to prevent a major 
and perhaps impossible expense if they ail have to be repaired or replaced 
at once. 

Tfie administration lias rprovided support by lie! ping to se,cjre govern- 
mental and district funds to help develop tlie program. They also a i lowed 
the course to become part of the school curriculum even tlioiigli we are a 
small school. By becoming involved in the instruction of tin* course, the 
administration has truly shown the interest and value they givti the pro- 
gram . A Iso the admin istration has orov ided a support iv e t ron t to t he 
school board and community; an attitudfi n(jcessary if the program is going 
to succeed for any length of time. Last but not least, constructive criti- 
cism frbm administrators is a valuable aid in modifying the program, 
upgrading it, and preventing stagnation. 

Our administration has shovvh support for bur program in a number of 
ways . The or igiria 1 encouragement and support to develop the program came 
from the late Paul Schrammeck., superintendent of schools. He also helped 
by securing funds to remodel lab facilities arid purchase major equipmerit 
via goverrimerit title programs arid also coriviriciGd the school board to become 
actively involved in supporting the program. Over the years the changing 
administration has continued th?.s support:: Many administrators had science 
backgrounds and that surely didn*t hurt: One principal, Mr: Dennis Rose- 
letp, was actively involved in the program by advising the students 
involved in psychology projects. Our present superintendent, Mr. Alan 
Ryan, teaches a physics class within the general science curriculum. By 
giving verbal support to our school board and our community, the adminis- 
tration has helped to put forth a unified front of support which is neces- 
sary if a program of this type is going to survive. It is important to the 
students and teacher to know the administratibri is behind them and will db 
everything they can to secure financial arid moral suppbrt fbr the program. 
So far we have had little trouble iri bbtairiirig the rieeded funds fbr the ISI 
program and much of the credit for this goes to bUr adiniri is trat ion . 

The Community has generally been proud of the accomplishments and 
awards won by the students from this program and help by voicing their 
suppport to the administration and school board: 

The teachers have been a great help by showing interest in students' 
work, by giving up, on occasion, some of their class time to allow students 
to work on projects, by discussing projects with students, and by criti- 
quing student work. English teachers proof read written material, the shop 
teacher helps students construct certain parts of the pro j ects ^ math teach-- 
ers help students with math and statistical iriterpretat ibn and allbw stu- 
dents tb wbrk iri their des igriated areas when more rbbm is needed. 

Parents supp>brt their childreri in a number bf ways. Wheri they urider- 
stand arid suppbrt the cbmmittmerit the studerit has made toward the project 
they often becbrrie involved iri the project. Fbr example, iri some cases they 
may help the student obtain materials or perhaps provide transportation to 
and from school so the student can work on their project after hours: At 
times they may be asked to actual ly he Ip in the construction of soi::e phase 
of the project: If a board has to be sawed or a piece welded they may help 
do that . Parents also help by accompaning their children to science fairs , 
giving them moral support, and showing their interest in their childrens' 
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work; all worthy educational obj (ict i voH : Periicips sricli aii involvo,ment will 
hrip dovtilbp bottor rapport botwo:on student, parents, and toaclior. 

isiST/' arid IsiABT have both provided gonerai support for student 
uivolv(Jriieii. iii scieiice boyoiid the classroom: Those organizations, particu- 
larly NSTA, have helped to establish a phfiosophy toward an\^ma: research 
which has beeii helpful in student selection and approach to a jproject that 
iiivblves aitimals. NSTA also has sponsored and supported studcnu centered 
activities such as the space shuttle contest whicli plays aii_ important part 
iii our ISl program: NABT sponsors "Outstanding Biblbgy Teacher" awards 
aiid thi\ criteria for selecting the award often involves teacher success in 
wbrkiiig' with students involved in individual projects. __ 

i'rof ess tonal Journals often provide me insjDiration as well as back- 
ground icitias and information for student projects. The Americah Biology 
Teacher is a particularly good journal for th i s_ purpose . _ _ _ 

Although other faculty members .inay not be directly involved in the ISI 
program they do often function in a supportive role. Our. school is small 
('ii(,)ugfi so that students and teachers relate on a bne-tb-bne basis. ^^u- 
deiits often discuss their projects with interested teachers and may as < the 
engl ish teacher to proof read material, the math teacher for help with sta- 
tistical work, or the librarian for help in Ibcating research information. 
Or, they may as_k the shop teacher for advice in cons truct ing some part of 
the project. This interactibri bf departments helps the student realize 
that knowledge i^.interre lated and that his work as well as himself as an 
individual are iTffj5ortarit . 

We do have great confidence in the TSl progr.im. As time goes on and 
we learn the iris and oiits , dos and don'ts of the program, it_ continues to 
devels^p. This development is an on-going process which should never stop 
altho^igh dur enrollment is decreasing and this may effect some long range 
goals; Realistically, i do not see many great changes in the goals we have 
established for I believe them to be sound educational goals fbr better 
learning the processes and nature. o_f_ science, develbpirig responsibility, 
and establishing worthwhile life skills. We may have to modify our mini- 
course offerings to better meet the needs of students, however: I do real- 
ize that the goals we have set dowri should be scrutinized and discussed at 
the end of each year and if additibris or modifications are necessary then 
changes should be made . 

I do believe stui;ierit iritereSt in the coarse will be sustained as will 
administration arid district support^ i expect our facilities to improve 
with the expected addition of a greenhouse, animal careroom , _ and individual 
work area. 1 expect more involvement from math teachers and the counselor 
arid I expect more diversification of projects being selected. I alsb 
believe our mini-course selection will be expanded and we will get a little 
better student involvement in this area. 

Changing our program should increase student arid teacher interest and 
participation if we expand the curricialum and prbdUce a more balanced 
approach to stude^nt involvement. Currently, more students are involved in 
work in the area of biological sciences; perhaps more will become involved 
in other areas such as physics or math. Such changes should always serve 
to better meet student needs . 

The program is iridividUal ized and was devp. loped to fit the needs , 
lacilities, and staff bf North Toole County High School. To exactly dupli- 
cate this program in another school system would be both undes irable and 
very difficult. It would be desirable, however, to implement those aspects 
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of tiia program that would ho ccimp.i t i b 1 o with dthor schoo i and sc ience 
programs in an attcMupt lo i mprovo . ov«M-a H cur r 1 cu i urn : Otticr toachers have 
visited our school to loarn in<:r(^ about thc^ prr^gram niid vs^e wejcome this type 

of contact . 

Communication is vory important and the iiivolvcd teachers should meet 
frequently to discuss the program. Changes should bc^ made per iod ica Uy . to 
upgrade the program with student input considered in this process. Also 
periodic meetings with the atiiii i li i st rat ion are helpful in planning the pro- 
gram from a budgetary staiKipbint. We stick with jcli at works but a. e not 
afraid to try new things. We find cdntinuul assessment to be important. _ 

You must have teacher dedication and student interest if a course of 
this type is to succeed b(>cause it lakes a gr(?at deal of effort and t ime. 
It is absolutely necessary tlrat the t(?acher maintain an enthusiastic 
approach to the program. In another scIhh.I, I would begin by .conduct ing a 
motivational, instructional workshop for nvolved teachers., ^ would then 
follow up with a similar workshop for the students. Dnce the program gets 
off the ground motivation so_ems to be self perpetuating with success lead- 
ing to success. I wouid_ then_ Invite teachers, interested students, a 
representative from the administration and a representative f rom the school 
board to my school to view the program first hand. I would er:iphasize 
organization of facilities and nirse funding (major purchases conid b^ 
staggered to prevent large init ial out lays of money which cend to discour- 
age administration and school board .support ) . It is necess ary that a coor- 
:dinated plan be developed by allof those involved in the program so that 
the coarse progresses at a steady pace over the first few years. Often 
interest in specialized courses rises quickly and then fades the same way. 
Proper motivation, orientation and planning may prevent this from happen- 
ing . _ 

I believe the teacher should have^ a well rounded education in all the 
sciences and a stro.ig background in math as well. ISI .students work on 
projects in all areas of science and engineering, with all work involving 
statistical analysis and a workir.g knowledge of math. The teacher should 
be grammatically competenc and personal research experience at the under- 
graduate or graduate level would be useful. Student s need proper advice . 
not only on their research but also on the written part of the course such 
as professional paper and presentation. The teacher also shoutd be able to 
instruct students on the use of_ some specialized science equipment such as 
spectrophotometer, environmental chamber, analytical balance, and electro- 
phoresis apparatus . _ _ _ 

The rewards for teaching in this program are many. Satisfaction comes 
from watching students develop a finished product from an idea and seeing 
them realize the importance of the activity. 1 take pride in -tudent suc- 
cess, particularly when it involves a lower ability student with confidence 
problems; such success stimulate me to continue.. During competition, i 
enjoy meeting nev^r people, going t.. new places, and learning new things. I 
like being involved in doing science and combining academics with competi- 
tion. 1 also enjoy bringing academ ic _ r ecogni t ion to bur school. 

As a result of this ISI program I and my students have won^ a number of 
awards: These include: _ 

^ Nz^BT - Montana - Outstanding, Biology Teacher (1978) 

^ Certificate of Honor-West inghouse Science Talent Search.. 
- Award for meritorius work with science students 

^ Eleven Science Service Commendations for student part Icipat ion 
in the International Science and Engineering Fairs 
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NSTA CorLificate of ExcGllQrice in Science Teaching 

';':iro..- Am(^ricaii Society of Microbiblbgy Awards for ExceUojice a 
■I. Sci(Mice Teaching _ _ _ 

Two NSTA/NASA Space Shuttle Certificates of Recognition for student 
regional winners 

TIk' Thomas Alva Edison Fduiidat ion Certificate of Recognition for 

hxce 1 ionce in Science Teaching 

'Uui Kodak. Award for student excellence 

The Klks .Distinguished Citizen award 

An Area Chamber of Coimerc(i Certificate of Achievement 
^'^ The KSKS Radio VIP Award 

- A Student Appreciation Award from our iSl students 

- Sot only have we Had a Westinghouse Science Talent Search top 
winner, our ISI student have won the State Science Fair Grand 

Award every year since 1974 as well as thirteen special or plac(^ awards at 
the International Science and Engineering Fair _ . 

rwo students have won U.S. Navy Cruise Awards and three have 
first olace scholarships from the Anaconda Company 

- Six students have been awarded American _ Cancer Society Summer 
Fellowships while two have been Regional winners in the NSTA/NASA 
Space Shuttle Student Involvement Project 

- In the past five years ten students have presented 

papers at th^i Junior Science and Humanities Symposium 

One of these was _ 5e lecte:d to attend the flat iona 1 sympos ium . 

I would like the math teacher to become more formal ly involved in the 
program and 1 would like the guidance counselor to take an active part in 
advising students wb-rking on psychology projects: We have had this type of 
team involvement in the past but a turnover of staff has forced us to 
regroup and this process takes a while. I would also liketosee more stu- 
dents involved in minicoorse work and a little, more formal approach . in 
course organization may be beneficial. I would like to see more students 
involved in math and physical science projects,. . .. . 

I would like to express my appreciation for the help and support given 
by my patient wife, Maria and the_ inspiration provided by the late Mr: Paul 
Schrammech. I also havebeen aided considerably by Dennis Roseleip, Larry 
Moye, Robert Ross, Alan Ryan ,_ Mary Mbffatt, arid all the North Toole County 
High'school Staff and Schoo 1 Board of Trustees. (For more details on North 
Toole County High_ School and the Irid ividua 1 ized Science investigative Pro- 
gram, see the NSTA Search for Excel lence in Science Education Monograph, 
Centers of Excellence: Portroyals of Six Districts.) 
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Chapter 9: EN VI RONMEfM TAb AWARENESS^ 
THROUGH THE STUDY OF EARTH SGlENGE 



By 



Shcl ly E: Parttn 



Pamilico County Junior High School 
Bayboro , fsorth Carolina 28515 



Pamiiico County, a very small county, of 10,000 in Eastern North Caro- 
lina, lias no cities. The county has a large minor ity population and the 
income level of most families, is very low. Much of their income derives 
from commercial fishing and farmin^^ arid the average educational level of 
tiio pooplo is below the 12th grade. There are four schools in the county; 
2 olomontary schools, one juriior high school arid one senior high school. 
Wo have no military bases and rib industry except for a small garment fac- 
tory. There is some tourist trade since the area has abundant water 
rocroation facilities. 

Although the students came from a coastal area they seemed completely 
unaware of their environment: They did not understand the balance of 
nature, the intricate food chain, the erosion of the coast, the dangers of 
pollution, or the economic implications of any of these. _ Their parerits 
incomes depended almost who] ly on natural resrmrces but they also existed 
without a critical awareness of their environment,. _ _ 

My frustration over the students complete lack of awareness ct their 
environment caused me to begin attending workshops aria seek out resource 

p( rsons with materials and informatibri suitable fbr 8th grade students. I 

went to three outstanding wbrkshbps ; Summer Seashop on the !5ogoe Banks 
through Sea Grant, a wbrkshbp at North Carolina State University * s Science 
Education Department, arid an Is land Ecology workshop on Andros Island in 
the Bahamas with a Grant from the National Science i-oundation. The island 
Ecolbgy Workshop at Andros Island was the precipitating event which made my 
id(ias of a new science program progress from a latent to a more concrete 
stage . .... 

Ihc first year f taught at Pamilico junio High I remained wih the 
regular Earth Science c^.rriculum as outlined in the textbook. The s^.corid 
year I took more li'jerties and, -n the third year, the pririlcp^al and the 
supervisor truste-i my co.jpet ance and gave me complete freedom to implement 
a new program. This freedom a_l lowed the ^harige to come on gradually to 
mciet a need. The second year of teaching gaVe me a beginning ?nd the third 
year of tf^arhing gave me the freedbm-^arid cbmpeterice! to expand and innauger- 
ate the program iri the cbmmuriity. 

After my secorid year bf teach -^.ng at Pami lico f attended the Is land 
Workshop at Andrbs . Fbr the balance of the summer, I outlined a tentative 
p--ograrr ibr all the 160 Earth Science students and some 7th grade students 
who wc-.re iri the Science club: Daring the teacher work days at . the begin- 
riing of the third year, I contacted key personnel within the school system 
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to plan for specific field trips and to obtain funds arid support for the 
program. With their s-upport the program began to evolve as a reality; 

Throughout the entire school year I made trips to see resource per- 
sons, made numerous phone calls, arid sperit mariy week-ends planning thfi pro- 
gram in detail. Parents became irivblved'arid particpated in field trips, 
generating interest witHiri the commuriity. Local newspapers printed several 
articles on the field trips and the program in general. Since some 7th 
grade students were included iri the third year of the program , as 8th grade 
students in this Uth year they now are able to understand the objectives of 
the program arid cbriduct field activities without addit^ona^ instruction. 
So, we now have a core group around which to build the program. 

Our school arid district administration has provided considerable sup- 
port. They have arranged for school buses for sorne of the field trips, 
provided funds enabling me to attend workshops, hired substitutes when a 
field trip was scheduled which did not include, all of tne students, and 
given me personal support and encouragement. A^itional and necessary sup- 
port has come from the Soil Conservation Service, the County Planner, The 
Agricultural Extension Service, the High School Vocational Department, the 
local newspaper, and Interested parents and community members.. The teach- 
ero in our school cooperate by allowing students to miss their classes 
without penalty. Language Arts teachers also use the field trip experi- 
ences as a basis for creative writing and the severith grade tife Science 
teacher has adapted parts of the program for her curriculum. 

There was, however, a certain amburit of erivy among the other teachers 
because the Earth Science teacher was able to go bri field trips and attend 
workshops.. This erivy became prbductive when a number of teachers began to 
schedule field trips so their bwri students would have learning experiences 
within their specific field. Then, the 7th grade science teacher j oined 
v.'ith me bri the Science Club activities, tq make the environmental program 
ericbmpass Life Science as well as Earth Science. 

Since I teach tHe entire 8th grade, I have students oi all ability 
levels except those mentally handicapped students requiring a special Sci- 
ence program: There are 160 students in my six daily classes which range 
in size from 13 to 35. I also have from 1 to 3 study hall studerits iri each 
classroom each period. The attitudes of students are as varied as their 
ability levels and it would be impossible to categbrize ariy specific atti- 
tude as prevalent. 

About 13 of my 160 studerits last year were above average and might be 
categorized as gifted arid talerited. However , very few of these 13 students 
are being ericburaged by their parents to obtain a college education. In- 
gerieral, bur studerits are probably average in their standard scores alt- 
hb:igh last year their performances on standardized tc-sts proved to be above 
expectations. . - 

The Junior High School has 766 i.tudcnts and 35 teachers in grades 5 
through 8: The building was once a segregated black school but ,_ wi th inte- 
gration in the early i970's, it was made into a Junior High for al 1 the 
county and some new rooms were added. There is a greenhouse, used by the 
vocational department , but no planetarium or erivironraenta 1 s tudy area . 
There is nothing unique about __our clissrobm. It Ibbks exactly like any 
typical classroom in a Junior High Schobl. My bwri is about 8 meters by 8 
meters with 3_5_ desks and _ one_teacher ' s desk. I have the usual large black- 
board and bul let in board. The walls are concrete, the floor i?? carpeted 
ana the windows are all bri brie side. These windows, with Venetian blinds, 
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look out upon a^mall grassy area. A storage cabinet, two small sets of 
book shelves, and a table share space With an old bath tub which can be 
flllod with water or sand. 

While pur architecture is nothing to brag about, we do ha ve_ a good 
selection of cquibmeht arid supplies for studying the environment. Students 
use weather instruments, soil samples of Pamlico County, water testing 
kits, a small ocearibgraphy kit, coasfal charts , aerial photos of Paml icb 
County and topographical maps showing flood prone areas of _ the County. We 
also have access to the vocational materials at the High School. All bur 
materials and oquipment are stored in suitcases in a lab upstair^ in the 
same building as the classroom: As a result, students only have access to 
their materials when the teacher is present. When we schedule ^field trips 
the suitcases do make it more convenient zo take, proper equij;^erit and carry 
ft easily. This lab room is also rather ordinary with just six lab 
tables. I usually arrange for each table of six students tb have a spe- 
cific task to perform. When the lab is used', it is cleaned up by students 
dt the end of the period, not by me . _ 

It would be nice to have fewer students; 160 students plus a homeroom 
is jast about ail I can handle. The classrbbm wbuld be fine if it were not 
crowded with 35 students andlto 3 study hall students. ^It is really dif- 
ficait to individualize with 38 in our small room: - . • 

When I take students up to the lab and then down again at the end of 
the period. I often lose a few. Sbme ducK into the bathrooms to smoke and 
some knock on teachers' d^brs as they go by: if the lab were next to my 
room it would be easier. . 

OUR PROGRAM 



Our prime objective is to increase the students* awareness of the fra- 
gile environmental balance in Coastal North Carolina through individual 
learning experiences wichin the 8th grade Science curriculum. in becoming 
ready for this awareness, students cbl lect and ana lyze weather data using 
appropriate weather instruments arid systemat ic observation and recording. 
They read and interpret maps, charts, and diagrams relating to coastal 
North Carolina. These weather arid climate studies are linked to the soil 
and organisms through water and soil analyzes and data they collect bri 
organisms livirig iri this area: — 

Students participate in many field trips tc gather _ specif ic data on 
the area, visit resourc- sites , and meet people knowledgeable about our 
regibri : they also participate in seminars dealing with prbblems of the 
Ibcal environment: These seminars are usually led by specialists in the 
area of concern. _ 

Every r'esource person emphasizes career possibilities for the stu- 
dents : Many of the students were limited tb a very small area in terms of 
future careers before they received this information : Science students 
also develop individual research studies and projects for /entry in . local 
science fairs. Many students cbmpete iri regional science fairs as well. 

On field trips studerits are physically and mentally involved in the 
collection of data. Slide presentations and lectures are presented in the 
evenings when field trips are for a fuj:l week-end. Discussion groups arid 
individual research are used in instruction during regular, iri-schbdl 
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other students about surviving hurricanes and became the ^ fi^^^^^^ 
Hurricane PFeparednoss specialists in our area. Students look ahead to the 
future in order to become a socially responsible person in making decisions 
determing the future of Cbasti:l North earolina ^ . , - ^^n- 

White Individualized instruction is difficult in large classes, stu 
denis with the ability to do ii^dependent work are encouraged to seek addi- 
tional information and ideas; The teacher plays a large role S^J^ing 
those students to materials and resources. Other students do^ ^"^^JJ^^?^ 
prcjects and research reports as well with much bf.the program being taught 
on 'different levels to different students at different abili^^^^^ 
These ability levels are reflected in all lab work, field tr ips , and f leld 
wo^k 'where students in teams pool their information, come to conclusions , 
and make joint decisions relating their findings to their problems 
^ All cognitive .tiateriai is taught at different levels ^to be wlthm the 
Krasp of each studer.t and the affective curriculum is considered extremely 
important as Well: Students on field trips develop patience with each 
ot .or (and With weather and field conditions) and learn to respect _ and 
appreciate each other and the environment. Students usually have limited 
experience in this area and the field trips open up new horizons^ for them 

I try to make content totally concrete and practical with as little 
abstraction as possible. I emphasize content which is highly pertinent to 

the lives of students and the future of their community. _ 

The program requires that the teacher look ahead ^t the possible 
future environmental problems of Cbastai North Carolina. Teachers mus^^ 
senuineiy interested and see beyond present economic rewards and identify 
e ramifications of the very elements which are financially lucret ve 
in onr area now If the teacher were more interested in the financial 
benefits of coastal real estate development, it would be very difficult for 
her to sincerely advocate this program. ^ _ ^ 

I feel that the teacher, inquiry: classroom and cnrriculum are so 
necessary, interwoven and interdependent that it would be impossible^ to 
"!im nati one and still have excellence in the En-ronmental Awareness Pro- 
gram The teacher must be creative, enthusiastic, weii-educated and will 
ins to give many extra hours of research and planning to initiate and main- 
Sn the program. She must be able tb supervise student activities and 

encourage individual rese-arch and student participation. 

Teachers must be flexible and creative; i cannot become enamored of my 
own lesson plan and force it on the students. A student s mood and atti- 
tude on a specific day may require an entirely different approach from the 
one f have planned. Field trips and r>esource persons may require rapid 
cfianges in plans. An inflexible teacher rapidly would become very frus- 
trated. that I need a solid background in science, a sincere desire to 
understand Junior High Students, a willingness to learn, the ability to be 
flexible and creative, and a high degree of energy and enthusiasra. _ 

The inquiry classroom must never be static; it must have provocative 
bulletin boards, projects, fossils, live marine life and numerous stimulat- 
ing experiences . Class methods must incorporate discussions inquiry 
sUde p' emendations, seminars, and outside speakers. ."he changing format 
keeps students and teachers involved and interested. _ . - 

A new teacher entering bUr program must have a belief in ^^e |oais of 
the broKiam and a good sblid foundation in Science concepts. They should 
also be cSative, honest in self -evaluation , and have a real understanding 
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of the riecds of students. Siich a teacher will have the support of the 
local cidniiriistrat ibh if she recognizes bur heeds as well as. her own and 
does riot riicike decisibris irideperiderit bf aiithbrity. 

The curriculum miist be we 1 1 -p 1 ariried arid seqiiericed with extra-curricu- 
lar activitiies. If a text is used it miist be meariirigfully cbbirdiriated with 
the prbgrani All tbb often, programs seem cbbrdiriated with texts--the 
reverse bf what should be true. The affective curriculum is alsb irtipbr- 
tarit , as stud(M!ts develop sel f -cbrif iderice arid stirbriger self-images as a 
rc^sult of their personal experiences. Teacher, classroom, curriculum; the 
three are equally important. Together, they build a strong and successful 
P^iiVi roiimcntal Awareness Program; 

On field trips certain students are responsible for specific instru- 
mcHits and tasks. In being responsible for care of the instrument, they 
record and report accurate data to the group. Ail class and lab activities 
are grouped with a group leader with leaders being rotated so each student 
has an opportunity for leadership experience and responsibility. There are 
informal evaluations and no students are permitted to ostracize or humili- 
ate other students although these behaviors are common in other classes and 
outside of school. 

Flexibility is truly a necessity. Some weeks students spend all their 
time on purely academic activities within the classroom. Some weeks may be 
spent preparing for and taking field trips. Other weeks may be spent in 
the lab and, when important audiovisual materials come iri_, they must be 
seen within a specific time period. Resource pebple cari brily cbme bri spe- 
cific dates arid, when they are able tb cbme, other activities are resche- 
duled. While I schedule carefully, I am equally careful tb see that I cbn- 
trbl my schedule rather thari the bppbsite. 

We Use a junior high earth science basic text as well as supplemntary 
textbooks magazines, newspapers, and numerous printed materials from 
resource persons: I gather material from all these sources and organize it 
into a specific unit or series of lessons: Then I teach this material 
while gearing my instruction to the various ability levels of the students 
in a specific class. All material is available to students as they need 
it. 

Field trips also are part of the curriculum and must be scheduled 
with an eye on the weather and_ an understanding that certain seasons are 
better than others. For example ^ winter with its high wirids arid strbrig 
seas is a perfect time tb visit Cape Hatteras dUririg bUr Uriit bri cbastal 
eros ibri . 

Bbth iri class arid bri field trips students are given many thought ques- 
tions where there is no right or wrong answer. I encourag them to express 
their own opinion and offer possible solutions: I try hard not to ask 
questions to which i already know the answers: f don't want students to 
play guessing games; I want them to use their own skills, knowledge, 
resources, and logic to make decisions and arrive at solutions based on 
their own assessment and evaluation. 

At the same time„ I use a great deal of se 1 f -eva luat ion to see if I am 
really teaching what I hope_ I arn_ teaching. I reflect back on what I have 
done, thinking about what I will db^ arid gather pereptibris frbm my stu- 
dents . I alsb evaluate with shbrt tests tb see hbw mUch the children 
really kribw and uriderstarid. I seek cbmmerits from parerits arid resource per- 
sbris arid schbbl admiriistratbrs arid try tb learn from their criticisms: 
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Qui Sajor expenses are for field trips Where we^ have bus costs , 
tcachcf substitutes., food ^nd "-^tei costs. Parents Help 

somo Soney is available in special funds such as through the Scionce Club_ 
1 usually pay for long distance phone calls related to trips:. Sonmtime. I 
have blight ^he gas 0^ trips and l^e paid . f " . ^u^t itote_ .^y.ng 

for student meals and transportation is not unusual for me either. We do 
charge- a science fee of $3:06 per child to help pay for instructional 

'"'''''^As^ a result, I can use any money I get. I also need money for field 
trips for those children who cannot afford to gO . , Although i try to pay 
for them but my resources are very limited and I can t handle it all_ And 
T also need many special tnaterials for the children require a broad range 

of written and manipulative materials- _ 

Our principal has gone on field trips with Us and is personally aw^re 
of every activity as he helps to fit them into the school calendar _ The 
Secondary Supervisor comes to school regularly to keep informed of our 
plans and ativities as well. I always plan with the principal and the 
siSrvisor as they really are cooperative and ^^^f ^^^^lelrS I 

dehts are getting so many opportunities for non-traditional '^-^^^^^ 
also get parents involved in field trips and Science exhibits . They actu 
ally help with experiments and help to supervise groups. ^ , . 

' Between all the paper worR and what it requires to teach ^^O students 
-ach day, i will probably not be able to take as many field trips in the 
future Also, I used a considerable amount of my own Salary for expenses 
and I cannot do that indefinitely. The time spent in organizing and under- 
taking field trips has been hard_ on my family also I t,ke my two children 
along if possible, but all these personal sacrifies are hard. I often 
wonder how long a teaher can maintain the energy to be really creative and 
still teach school . 



MY DREAM 



I would like this program tO begin in the elementary school. Then , I 
would be able to teach 'the%hildren in the lower grades so that they^wou^ 
have a better background and understanding before they get to th.-^ 8th 
have a ^J^t"^ ^ . q.<«„.. more imoortant in the elementary 
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erade This might help make Science more important 

frldes and would Enlarge on what I can now do. At p^resent, science in the 
elementary school alternates with social studies and often mast ^e short 
changed to allow time for music and art. Math and ^^"^^^^f ^'^1^'""^^ 
Hgid and never changed: Even capable teachers in ^^e elementary scboo 
simply do not have enough time or flexibility to do a good "^^^ fci 

ence. I know I need time to plan as better Pl^™^"? 

dualize to a greater extent. As I see it, elementary teachers have little 

time to plan for science. . . 3 

I also need less paper_ work. Now, every ^ree moment has to be used 
filling out forms, doing folders, and filling out more forms . Every dis 
c IP in! problem requires a special form (and sometimes several ) and 
i^Stiucti'nal materials require requisitions. There .re numero^ 
naires t5 be Handed but arid collected in homeroom and there are pr^rent per 
mission slips for everything: 
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My dream also includes more funds, free time during the school day for 
conferoncas with resource persons, and an aide to handle some arrangements 
for field trips. I would tike to buy more periodicals for bur resource 
cbllectibri and updated material in all areas of science. _ 

As powerful and vivid as my dream is ndw^ if my schedule rismains as 
strenuous as it is now, i think I will just get tired. I'll. either have to 
leave teaching or else stop being creative in order to survive. I hate to 
think of leaving out the creativity for, if I wanted the program to fail, i 
would stop caring about the children and quit dreaming Up new activities^ 
I wcild just give them written exercises but of the bbbk and try keeping 

thc.ii quiet. 

Now, I keep going because I love the job and find means .of reward even 
though most of the rewards for teaching are persbrial. I can see the chil- 
dren learning to love science and not hating it as a subject. can see 

that they are becoming motivated to learn and I see their attitudes chang- 
ing: Discipline problems seem to disappear as the students get interested. 
These are rewards which are truly meanino^ful. ' 

Those rewards are somewhat intangible. The only tangible rewards ^ have 
^been a plaque from the soil cbhservat ibri service in Bayboro, N.C, an invi- 
tation to speak at the Nbrth Carolina Science Teachers Association, and 
rf-coguition as a National Exemplar from the National Science Teachers Asso- 
ciation Search for Excel lenceTUn Science Education. 

The workshops where I \;learned specific Science skills were great and 
personally rewarding as well: i have found workshops inspiring arid a means 
of introducing me to new skills, ideas, knowledge, and people. Teachers 
need tb get but of our classrooms more of ten _ and into gbbd workshops where 
the emphasis is on broadening horizons through learriirig riew ideas and shar- 
irig with other adults. In the future I hope workshops will continue to 
provide one way of keeping me updated and prbviding fresh enthusiasm for 
teaching and this program. At these workshops, as I meet resource persons, 
and learn new skills helpful in eririchirig the students i become inspired 
once more. Workshops are a great help arid motivation to me. If I can keep 
finding more rewards like thbse I have received, i will have the irispira- 
tion and energy to continue what I view as a most important program for our 
students and our ehvirbrimerit. 

The help and irispiration I have received has been rewarding as well. 
The following individuals provided materials, came in as resource persons^ 
helped arrange field trips, and gave support and encouragemerit throughout 
the program! John Sanders, Coastal Weather Specialist , Nbrth Carolina Sea 
Grant Cbllege Program; Ray E. Ashton, Director of Education , North Carolina 
Museum of Natural History; Lundie Mauldin , __ Maririe Education Specialist, 
Uriiversity North Carolina Sea Grant College Prbgram; Jo Ann Powell , Educa- 
tion Director, Hampton Mariners Museum, Beaufort, North Carolina; Dr. Ned 
Smith, Sally Nunally, Hilda Livingstbri, North Carolina Marine Resources 
Centers . 
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Chapter 1d: Aadio-tptorial ISGS 



By 



Marvin Seines T^R. Maursetter 
Victor Rames Robert Simonson 

Arlyn Thomas LaVonne Zeeb 



2200 South Fifth Avenue 
Patrick Henry Junior High School __ 
Sioux Falls, South Dakota 57105-4099 



Sioux Falls, the largest city_ in South Dakota with 81,000 pedple, has 
four junior high schools. It is located on the eastern edge of the state 
near th^ Iowa and Minnesota border . _ The city contains several light indus- 
tries, the largest being John Morrell meat packing. Other large employers 
are Litton 's_ Microwave plant. Citibank's credit card division and three 
hospitals. _ Sibux_ Falls is the location of the EROS Data Center, the Univ- 
ersity of South Dakota Medical School, and Augustana and Sioux Falls Col- 
leges. Parents of students at Patrick Henry are J:argely middle class to 
upper middle class. There are fewer than 3% minority students and our phi- 
losophy is one of a basic mid-western conservative, family oriented popula- 
tion. - - 

Patrick Henry Junior High with 1065 students in' grades 7^ 8, and 9, 
has a professional staff of 2 principals, 2.5 counselors, _65 teachers, and 

5 certified aids: The main building was constructed in 1958 arid a science 
wing was added in 1970. The three double classrooms arid a storage arei^. a^-e 
equipped with perimeter lab activity counters arid islarids with water-gas, 
and sinks. Each double room accomodates 60 students with audiotutorial 
carrels present in each classroom. Each of the four junior highs has had a 

6 room science addition built iri the last 12 years. 

The 7th arid 8th grade room is 35 by 70 feet with a folding door down 
the center that is partly closed. Each end of the room has an equipment 
cart accessible to students. Counters and islands with water, gas, and 
siriks form the perimeter two sides of orie of the double rooms while car- 
rels form a third side and the folding door the fourth. The 7th grade end 
has a plant mobile for use in a plant unit and the. students work at two- 
student tables in the center and at the perimeter islands. _ 

in the 8th grade end one corner of the counter is used for the chemi- 
cal dispensing area, dry powders on brie wall arid liquids on the other ^ 
Each room has a fume hood with_ ari exhaust fari for use with nitric acid and 
iodine tests. The room has a fire ext iriguisher , a fire blanket , and an eye 
wash station. The center of the double room has equipffient for the ^-orage 
of glassware, and other equipmerit that is unique to the course: The piiirae-^ 
ter counter has test tube drying racks. 

The 9th grade room is carpeted with carrels on two walls. Vie stu- 
derits sit at two-student lab tables that are positioned in rows in che cen- 
ter of the classrooms. Equipment is available on shelves along ^nc wall 
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and on a wall hurig pegboard irack. There are two island counters with 

water, gas and sinks. - _ , j 

The walls iri ?11 rooms are used to. display teacher prepared and com- 
mercial posters. Each room has a "flow chart" --b help ^the student deter- 
mine the unit progression and the required and extra credit units^ Tb-- A-T 
carrels, cassette tape players; cassette tapes, behavioral objectives, ana 

small group testing areas make the physical facility somewhat anique. 

While the new science addition was in the planning stage science 
department meetings were held to deal with program needs. The need for a 
new program became apparent from a multitude of indicators: Most evident 
student disinterest in the subject matter of fered: Teachers were cons- 
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tantly revising laboratory exercises and lesson approaches trying to moti- 
vate students: Too few students elected to take 9th grade science_ and 
those who did were boys. From these meetings a new program was devised. 

Articles about audiotutor ial methods were read and discussed and^on- 
site visitations were made to Indiana and Minnesota to view A-T installa- 
tions: Attendance at ISCS workshops by the entire science staff led^ to 
many ideas and discussions. Finally a proposal incorporating ideas from 
the staff and others was submitted to the Board of "ducation and approved. 
Sonsiderable inspiration camo. from Pos t lethwait ' s Audiotutorial Manual pub- 
lished by Burgess and an ISCS Workshop conducted by Jan Holman, Silver Bar- 
detf Richard Wik, BUrgess Publishing Co; Joel Padmolre, University of South 
Dakota and Marvin Seines, Patrick Henry Science Chairman. We also got 
encouragement and assistance from: Lee Conellly, AV Diretor, Sioux Falls 
Public Schools, T.C . Toliefson, Assistant Superintendent/eurnculum ; and 

Dr John Harris, our Superintendent of Schools ^ 

While we all were involved, Marvin Seines provided the project idea 
and leadership at all grade levels as well as objectives and tests. Robert 
Simonson, T.R. Maursetter, and David Elliott developed objectives, tapes, 
and tests for Level I and II. Victor Rames wrote objectives, tests, ^and 
tapes for Levels II and III while Arlyn Thomas provided tapes and, along 
with LaVonne Zeeb, developed revisions for Level I. Rojjer^ Simonson also 
developed Basic science activities for grades 7, 8, and 9 . 

Most of 7th and 8th grade is physical science while 9th grade centers 
on earth, environmental, space and biological science. Most of oar stu- 
dents take 10th grade biology as their required science course^ in begin- 
ning this course, we developed a proposal and submitted it to the superin- 
tendent of schools and the Board of Educatibn. After it was approved, 
specifications were written for the needed A-T equipment. As a group we 
ordered text materials and supplies and wbrked through text activities that 
summer: The whole science staff was involved: Behavioral objectives 
tapes tests, worksheets, and supplementary materials were prepared and 
storage equipment was constructed. Then, we hired an aide and instruction 
began Since the start bf the program, tests, tapes and objectives have 
been revised several times. The recommendation of the Superintendent, the 
Board's funding, and the enthusiastic support of the entire science staff 
led to smooth impilementation of the program. i j . - 

We also made it easier by preparing ourselves fbr this new Audio-tuto- 
rial ISCS prbgram. We read the ISCS professibnal modules and had ^three 
summer sessions to work through the text material, preparing the student 
instructional tapes, tests, objectives, visuals and storage materia s 
Some of us attended NSF ISCS Summer wbrkshops sponsored by the Universitj, 
of South Dakota in Sioux Falls and Vermillion: Others visited schools 



114 



ERIC 



lis 



using ISCS in Mitchell, SD and Hawarden, Iowa: Equal iy important was a 
visit to Patrick Henry by Charles Richardson, an experienced iSGS teacher 
and Science Supervisor and now a Silver Bardett consultant. 

The teachers have gained a greater awareness of individual student 
differenes: and how to take the opportunity to work with small groups of 
students as well as individuals: Most of our teachers now place more 
emphasis on behavioral objectives that stress action verbs such as observ- 
ing, classifying, measuring, predicting, and testing. 

Equipment used for experiments is stored on carts that are specially 
designed for most of the special equipment. Objectives are kept on racks 
of file-cabinets while pre-tapes and summary tapes are kept in a cassette 
storage cabinet accesible to students . Each student * s notebook and other 
stored materials are in trays and shelves in the classroom br_ science sto- 
rage area according to class period. They are made available to the 
classes as needed. Books are not checked out to the - student, but are 
stored around the perimeter of the room on book shelves. They are accessi- 
ble to fetadents during the clas period ahcl may be checked but over night if 
needed. Four_ minutes of time are allowed at the close of the class period 
for student c lean-up, return of equipment arid rbbm inventory. 

Patrick Henry students are of all ability levels. Seventh and eighth 
grade classes are 60 to 62 students with two teachers and one certified 
aide. Ninth grade classes average 30-32 with one teacher. A majority of 
the students are of the middle to upper class with others ranging down to 
the poverty level: One-half of the students are the children of busines 
and professional parents: 



PROGRAM GOALS 



Our General goals are for students to: 

1. develop sel f -rel iahce 

2. grow in social responsibility 

3. develop scientific literacy 

4. develop an interest in science 

We provide a variety of activi^iesj both iSCS and supplementary which lead 
to these goals. Tlie 7th and 8th grade classes include units on alternative 
energy soures and conservation of present energy sources Ninth _ grade 
units; ISCS Eh virohmental Science, Well-Beihg/ and Investigating Varia- 
tion, include examples of human adaptation arid references _t6 alternative 
futures. Ninth grade uses a Supplementary eriergy unit and The Search For 
Sbliitibhs film series as well- Inquiry processes are an integral part 
of the methodology of the ISCS curriculum. The Search for Solutions film 
series presents interesting uses of inquiry also. 

Students in bUr program do pretty much what any ISCS students do. 

But, in addition they are listening to preview tapes, listening to summary 
tapes, arid taking small group oral tests with the teacher: 

At all levels students meet success in the science classroom, thus 
maintaining a positive attitude toward science and science classes.. The 
teacher has an opportunity to discuf.s science related occupations with the 
class as a group as well as with thu individual students. The Search For 
Solutions films as well as other films used throughout the year also pro- 
vide information concerning career opportunities. 
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Our program is self-paced arid uses ari audib-tutbrial format to assist 
the student. Each student, is iri_class brie class period per day fbr 47 
minutes per period or 235 miriutes fbr the week. 

Studerits work in pairs duririg the lab activities arid select ti.e work 
pace that is inbst comfortable fbr themselves arid brie that will yield the 
desired uriit grade. The prbgram is activity oriented arid students have 
freedbni in the selection of sbrne bf the text exciirsibris while others are 
required fbr remediatibri. 

Prbblern breaks iri the text arid s Ida 11 group questions use personal 
kribwledge tb study social applicatibnis of science. Students play a key 
rble by riiakirig choices bri which excursions to take and which problem break 
or prbject to do. The student is the c m core of experience; Small 
group evaluations are based upon . behavior:, x objectives. The tests include 
graphic interpretation and problem solving situations : 

Our teachers have participated in a study of Piaget's work in devel- 
opmental cognitive psychology: We test ail students to determine the level 
of formal and concrete thinking and consider aspects of this psychology as 
we develop activities and as we teach. Some of our study and activity 
deveiopjient was funded through Title IV-C grants. 

Teachers are very committed to the students' welfare^ as demonstrated 
by self -pacing by the student rather than group pacing. Teachers work with 
individuals to arrive at a pace that allows for the greatest amburit bf 
learning by each individual. As a result > each studerit meets success arid 
the teacher is free to work with remedial activities. All activities 
involve harids-bri experierices where we thirik bf the teacher as more of a 
facilitator bf learriirig thari a dissemiriatbr bf information. 

Studerits are capable of success and will strive for successful experi- 
erices. Wheri we let students plan instructional work periods the teacher 
becomes less threatening and is J:oqked a_t__^^_5_^^^^P5^ * 

Students seif evaluate when they are prepared to do so. Generally, 
before a self -evaluation, they listen to preview and summary tapes, study 
the chapter objectives, and review their notes on activities. In addition 
to self evaluations one of our prograiu goals is teachiri_g social responsi- 
bility. We provide systematic opportunities for _ this by givirig students 
responsibility for much of their learning as well as resporisibility fbr 
inventory and cleari-up> at the close of each class peribd. We firid studerits 
becoming more responsible arid becbmirig mbre self -reliarit . 

Teachers prepare labbratbry materials arid mbriitor student progress as 
well as develbpirig, testirig, and revising all objectives , tests and tapes^ 
Teachers also prepare slide sets to illustrate equipment procedures : in 
addition to all the ordinary tasks which teachers ^o oar teachers are 
involved in activities unique to this exemplary program. 

Teachers are working with students individually or in small groups on 
laboratory activities, preparing materials and reagents, or giving small 
group evaluations. They may be correcting tests arid notebooks , meetirig 
with other science teachers to plan act ivit ies _ or reading science profes- 
sional literature to improve their own kribwledge arid develbp curriculum. 
Teachers actively assist studerits with scierice research prbjects, arid 
niake-up work. We dbri't sperid all our time usirig iriquiry techniques and 
skills; we also repair equipmerit. But, everi theri, we try to avoid giving 
studerits tbo mariy answers. _____ __ 

Our focus bri Iriqtiiry iricludes an ^^lertness to wait^tj.ra^, use of proper 
questioning techniques to get something other than memorized answers, and 
appropriate classroom organization. 
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Aides assist in the. classroom and correct a majority pf the notebooks 
If they are not available it increases the teacher work load considerably 
and reduces the amount of quality time which teachers have for working 
directly with students. _ - . 

We use THE SEARCH FOR SOLUTIONS film series, filmstnps to accompany 
the NATURAL WORLD, ENERGY CHALLENGE videotapes plus other _Ji 1ms from the 
South Dakota Office of Energy Policy and other sources. These materials 
a^e used during special emphasis anits providing students with current 
information on energy alternatives a^d conservation, present reserves, and 

current issues. _ _ _ , . i" 

student interest is shown by above average enrollment in elective 
courses. Students have a positive attitude toward the class and are will- 
ing to work before and after school on a voluntary basis. TTtey taik to 
tlioir parents al^o. When the program was threatened With canceli at ion dur- 
ing a K-12 study and all of the junior highs were scheduled to offer the 
same curriculum, parents were willing to testify about the positive aspects 
of the program. Students compete with 9-12 grade students and win more 
than their share of the competition. Teachers are enthused about teaching 

and express pride in the work being done. . ^ «. • 

While parent involvement is not an integral part of insJ:ruction , 
parents do provide students support and help with homework. We inform 
parents, of their student's progress and a list of work that can be done 
outside of the classroom is provided to each parent . _ ^ 

Qar administration has supported us completely. Their support in± 
tiaiiy enabled the program to be started. Then, their ,^"PP°^^ «llp"|^^5 
to write proposals to fund a variety of implementation activities and 
deve^o^^nt of computer programs. They also have provided ^^^^^^^ 
to-conventions and conferences and to support our budget ^^y^ f.l.HH 
flexible about granting permission for students to attend and participate 

xn ''''J^^^p^-^g. 3^ provides an atmosphere of acceptance and concern as we 11 
as approval of the program. The administraticn, however plays "° ^^^^^^ 
instructional role. They approve all proposals and requisitions schedule 
science classes in consultation ^^^^ the department representat-ive^^^^ 
provide evaluation of the professional staff. But, they are not involved 
in curriculum or instruction. - - _ , . ^„»^v,_ 

We have a curriculum study committee which, with the advice of teach 
ers, recommends material purchases to the Board c^f Education through the 
SuD^rintendent A Staff Development Committee for the District and a 
building "-^^rvice Committee recommend staff training ^^-J-^^-^^ 
formats Some of our inservice was provided by outside fuiiaing. We are 
considering proposals for the district staff development program 

We feel the best int. rests of the students must be first. Any program 
changes must improve the efficiency or quality of learning. Our strategies 
for learning must be based upon the student's developmental level or we 
know thev will not lead to true understanding. _ _ - 

Professional organizations, especially the NSTA Conventions have 
served as a tremendous source of inspiration, information, and ideas 
Their continual emphasis on excellence and work toward that end have been 
valuable and allowed us to realize that we are ^hS 
teachers regularly read The Science Teacher, Science and efiiiaren, ^ The 
rhy^iS filches American Biology Teacher, Science Edacat.oji Jou^^ 

rial of G^i^OS'cal Edpcation, School Science and Mathematics, South Dakota 
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Science Teacher, EhVirdhmeht, Science 83, AstrdhortiY, Science News 
Letter, Smithsdhiah, Natural Histdry, Natidhal Wildlife, Phi Delta Kappah, 

and several computer publ icat ibris . We read a lot of jbiirrials, we get a lot 
of ideas and keep current arid professional. 

We dbri/t expect much change iri blir goals. We do , thbugh expect to 
charige curriculum as rieeded tb mairitairi relevancy arid riieet r\ew rieeds . The 
eriergy uriits have beeri added iri the last two years arid possibly mbre ISIS 
uriits will be added tb keep the program cbrisisterit with the riew curriculum 
tb be adbpted in 1983. Our bther three juriibr highs iri the system have riot 
adbpted the ISCS , but use a text-eritered , girbUp -paced program . Patrick 
Heriry has requested ari except ibri tb the adoption and is receiving support 
while writing it. We wbuld like to add more Earth and Life Science units 
to be consistent with the new curriculum as well. Our plan also includes 
more use of microcomputers, especially at grade nine: 

Exams, worksheets and tapes are continually assessed and revised as 
needed. All ninth grade tests were changed in 1981-82 and parts of the 7th 
and 8th exaras were changed in the last two years . Tapes are changed as 
well: These changes are made to facilitate student learning and reduce 
problems noted in previous activities. This is one very obvious benefit of 
developing our own curriculum: we can revise as we need. 

We could be even better if all teachers on a grade level had the same 
planning period. Now, our student number make it necessary to have classes 
during all periods so teachers can never really get together easily. This 
would improve communications and provide a common time tb work on revi- 
sionsi new activities^ and think of the future. 

We would like to cbntiriue the Piaget In-Service prbgram arid sperid time 
studying ISIS arid bther iriquiry texts arid articles. It wbuld help if more 
bf us cbuld atterid cbrifererices and cbriveritibns. We also would like to 
study questioning techniques and develop nucstioning strategies and skills 
which would increase bur power in the classroom: 

We feel that teachers who read professionally, revise materials, pro- 
pose innovations, and are dynamic would fit in well with our staff and pro- 
gram: These are the kind of teachers who listen to parents, students, and 
others. These teachers are concerned with communicating. 

We have conducted interviews with selected students and parents and 
found them useful in developing revisions. _ Surveys, of past graduate^ 
including present 10-12 graders ^ would be useful as well. More arid better 
revisions would make us more cbrisisterit with Piaget levels of stuierits arid 
would provide additibrial act ivities arid readirig to meet studerit's rieeds. 
We also need to iriclude mbre material stress irig science arid sbciety issues. 
These would eriharice blir relevaricy at the same time. These changes should 
lead tb imprbved learning and greater student interest. 

Our prbgram would fail if we lost our current good teachers by trans- 
fer br resignation and replaced them with teachers who do not accept seJf- 
pacing and inquiry teaching: Or, if the administration denies our request 
for curriculum adoption exceptions, our program will instantly disappear. 

Our program has been very successful in encouraging students to enter 
science competitions. We also have won more than out share. We have had 
two Space Shuttle Regional Winners i_ and two International Science arid Engi- 
neering Fair participants. Two of our students entered the South Dakota 
High School Physics Contest arid took ti.i.j.d place. We were the highest 
ranking South Dakota School iri the National Scierice Olympiad Test arid we 
won two of five South Dakbta ReF-^arch Grants fbr students. At the South 
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Dakota Junior Academy of Science, 1.1 of 43 papers presented in 1980 were 
Patrick Henry students and 17 of 59. pr.s.nted in 1981 were our students 
rfh^ Sioux Falls Boird of Education has only ^1 lowed junior high students 
2 partSpa^e the last two years.) W. have State winners in the National 
Energy Education Day each year. _ ™„i>j 

If we wanted to implement bur program in another school , we would sug^ 
gest that teachers read alot and spend time with us visiting and^ teaching 
In the Patrick Henry science classroom: Qnce you have an innovative pro- 
gram you must write about and defend your material as meeting the needs of 
students before you have Lo defend the program itself. _ ^Sd 

Prese^vice teachers should study the psychology of^ learning and 
develop an awareness of professional growth. Preservice students ^houid be 
encouraged to read professional journals and show corr.mitment to education 
as a profession. Examples of and development of inquiry ^activities^ 

We expect new teachers to approach the program with an open mind, be 
commited to reading professional journals; and "^^^^^^^f 
all sciences. These teachers need a belief tn success and pride in a job 
done well If they do, they will be working in a program that students and 
parents enjoy, appreciate, and acknowledge as successful. 
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Chapter 11: introduction to Scientific Research: 
\ A Si'mmer Science -Re^rearch Program 



By 



Troy D: Bridges 

Spartanburg High School 
Dupre Drive 
Spartanburg, S.C. 29032 

Spartanburg, a city of 44,0(50 located in the Piedmbrit area of South 
earolina, is 42?i minority. This textilel community supports a large variety 
of sccioeconomic levels and cultures . In addition to textile plants, sev- 
eral metal working and machinery factories, food product industries and 
ceramics plants are found in_ the comrnuhity. Sixty-six firms representing 
ten nations are located in Spartanburg county, bile reason Spartanburg is 
still_a growing, prosperous area. 

Spartanburg's District 7 senior high sciiool, with approximately 2,300 
students in grades 10-12, has 140 staff members including teachers and 
administrators. The initial structure was built in the late 1950 's with 
more recent additions and renovations completed in 1974. The mood and 
atmosphere of the high school are those associated with a tradition of 
excellence: This tradition is being maintained by an enthusiastic and ded- 
icated faculty and staff. In addition, the community expects quality 
instruction. Consequently, we have a setting condusive to learning in a 
coiitrolled but relaxed atmosphere. _ 

The science wing was completely renovated in 1974 with science teach- 
ei3 doing much of the design work. Now, there are separate laboratories 
for the advanced placement chemistry iahd physics students, a radiation lab 
for carrying out experiments with low level radioactive is^^topes* and a 
balance rbbm with a special isolated table. A shop with fxtensive power 
woodworking, rriRtal working, and welding equipment supports the fabrication 
of new devices while a glass blowing bench, compressed air to the advanced 
placement chemistry lab and demonstration desks, and a steam pipe to the AP 
chemistry labs enhance the range of activities available to our students. 
The science area aiso contains darkrooms, a chemical preparation room i_ a 
chemical storage room with special collapsing wall in the event of explo- 
sion, and a greenhouse with climate controls. _ 

The biology area has an animal preparation robm^ ah animal rbbm for 
housing and growing animals, and six new biblbgy labs with five offices. 
Each biology lab contains a preparation and research lab as well. Every 
laboratory is equipped with ah ehvirohmental center while the AP biology 
laboratory has an herbarium and its own darkroom. The science wing also 
hbuses a _ computer center. Outside, we have a nature path for year-round 
student ' field study. 



5: 



i2Q 



ii6 



bur suffitner science research program was initiated in 1963 by a cherais- 
try teacher, Mr: Robert Gettys , who is now an assistant principai; The 
program developed f^om the atmosphere created by the 1960 space age excite- 
ment and his desire to provide far more science achievement at Spartanburg 
High: We had a great need to upgrade our science teaching staff and help 
keep them abreast of scientific research arid, at the same time, a need for 
a more open-ended science experience for high ability students . We wanted 
to compete more success ful ly with students from the other districts and 
counties in the local and regional scierice fairs as w^ll: 

bur students are generally above average in ability and have a strong 
interest in the sciences. _Many are looking in the direction of science or 
engineering as a career. Each summer we have from twelve to twenty-four 
students in a courso designed for students who are sei f -directed to a large 
extent. The course is not designed to deal with specific handicapps or 
problems that students may have but students with varying emotional and 
learning disability problems have been successful. The students are raairily 
from low to upper middle socioeconomic status families With a positive 
attitude and a desire to work diligently toward a solution to the problem 
under study. 

OUR PROGRAM 

Basically the program emphasises the scientific method of problem 
solving while introducing the student to the elements of research: We also 
visit research facilities where research scieritists explain and show stu- 
dents evidence of applied research while discussing the differences between 
basic and applied research. 

First, we want to introduce students to the fundamentals of science 
through research by giving them an opportuhity to identify and state a 
problem for study. We give students experience in personally formulating 
and devising experiments to test their hypotheses . Collecting and analyz- 
ing data and presenting it as a written paper and an oral report to his 
classmates and faculty is a final experience for our students. In the pro- 
cess, students become familiar with the rudiments of literature research 
and the use of abstracts, readers guides, jpurnals and other reference 
materials. We introduce students to research facilities as well as men and 
women who are actively involved in research. We feel strongly that an 
opportunity to interact with scientists and other students in a relaxed 
'atmasphere leads to pooling experiences arid gaining knowledge which can 
provide solutions to problem^. In bbservirig students over the years I have 
noted that many increase their SAT scores to a large extent through the 
experiences in this summer program. The needs of the students are upper- 
most:^ the minds of the faculty and we want to provide an opportunity for 
developing emotionally as well as ^ intel iectual ly through an experience that 

leads to success. _ __ - : - 

We encourage stud.ents to use problems in the_ area of their gresitest 
interest. Mariy times their choices relate to social problems such as alco- 
holism, diabetes, or possibly the energy "crisis . We have beeri pleased with 
the success of our students over . the years . For example, one student 
became interested in alcoholism and devised a mearis of inducing alcoholism 
iri rats so he could study the removal of the pineal gland as a cure for 
alcoholism: Ke was able to remove the gland successfully in a number of 
rats: By discussing student projects iri the area of environmental problems 
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we try to make stadciits aware of- the 
scjcmtlsts and others have on their enviro 
how ulu^sti cic-c is i ons rc i ate to their own wo 

The probl ems that the students choose 
chemistry or physics or biology or astror 
place thorn in the particular laboratory si 
major part of their work will be done. Fc 
working with chemical solutions or making 
cfiemistry lab under the direction of the : 
ab 1 e in the area of chemistry . Students w 
nutrition' studies, or with animals would b 
is true with students working with pi ants 
thing in astronomy would be in _ the physic 
photography or holography would be locate 
the students are not singled but as bei 
because they are in Science and can learn 
as each other . 

The *^roblem solving techniques lear 
alone but arc useful in any area of life, 
we deal with the students iri groups or ind 
lem solving is riot simply something that t 
sci erice c^iassrcbnr but something they take 
is part of their thinking process and impo 
which they happen to find themselves^ The 
most students choose problems that they ca 

By introducing students to professior 
scientific work fields, we give them c< 
understanding of the nature of science^ 
careers. Many times we find students w 
related to the problem area dealt with in 

Students become aware of industrial 
research facilities that are in' the cbmm 
the market place . 

During bur grbup sessibris we emphasiz 
sibilities studerits h^ve tbward themselves 
Mariy iriterestirig topics last summer were i 
arid the changes, problems, and responsibil 

One studnnt dealt with the effect of 
ties, another student studied the medical 
erinining certain aspects of juvenile diabc 
interested in the nutrient value of cert 
Still another student investigated the _ 
different types of mus ic such as classical 

The course has no specific content cu 
the student's choice of problem dictate 
study. The, f lexibil ity bf the program i* 
chooses his bwri area of study arid, to a ] 
the sblutibn bf his prbblem . The emj3hasi 
methbd arid procedures used iri the method 
it f br its value iri seeking solut ions to p 

StudenT:s have assigned work areas ai 
who is having difficulty and discusses wit 



Periodically group discussibri periods. are held where students relate 
the progress they have made and the difficulties they have enconntered. 
this provides opportunities for other, students to offer suggestions and 
advice and provides ah exchange of ideas and scientific knowledge while 
creating enthusiasm and interest oh the part of students and teachers: 



EACH DAY 



in this summen' programs students play a vital role in the scheduling 
of wprk time. AftJr_a brief daily meeting which may last? from ten minutes 
to more than an hbur the student is then involved in his works tudy time. 
Students plan a (Jaily schedule and are responsible for fulfilling their 
daily, personal goals/ Students have, been given roles of leadership in 
personal management planning, and decision making. We make certain that 
each student takes an active role by placing each on a summer science com- 
mittee. There is a book committee responsible for making sure that books 
are returned to the libraries on* time.; a shop committee responsible for 
tools and their care; a social and recreational committee responsible for 
developing esprit d*cor.ps among the ^students and planning social arid 
recreational activities including^ swimmi^^^^ parties, rafting down nearby 
rivers, tennis tournaments and we_iner roasts. 

We encourage students to come in each morning with a goal already set 
for the day, a plari,^ and then to finalize their, work. Students log into 
the program in a central book each day and then log but. They are respon- 
sible for doing their own research papers and other things that are 
involved in personal evaluation. _ - ^ _ 

Students meet in a central classroom at 8:30 every morning for an ini- 
tial information and exchange period. This period, may be ftom 15 to 90 
minutes long depending upon the circunistarices : Planning for a trip or 
checking on the return of books to libraries , instructing students in the 
use of abstracts or in procedures fbr writing their paper may be covered at 
this time. This is generally the time films are shown as well. _ 

We show the film series ''Search for Solutions" since we ; have found it 
helpful in developing an appropriate attitude toward research. _ The remain- 
ing part of the day teachers are working with individual small groups on 
different aspects of their projects. Students spend several days in local 
college libraries using abstracts. Then, they go to^ Clemsori University to 
use the more extensive library facilit ies ._ Students also visit - local 
research facilities such as the Milliken Textile Research Center, the 
CRYOVAC Company which is a division of W.R. Grace^ the HOECHST Fibers , and 
the Savanna River Nuclear Plant. With a group of 24 Students , each doing 
different studies, there are a seemingly unlimited number of .things that 
have to be secured for the students . ' 

teaqhers avoid allowing the students to become dependent upon the 
teacher for answering questions or doing procedures that are clearly within 
the grasp of the student. Teachers have to recognize; however, that stu- 
dents have never encountered this kind, of situation before and may be prone 
to becoming discouraged. Continual encouragement enables students to gam 
confidence in their own work. Students are given a notebook at the begin- 
ning of the summer program and they are asked, to divide it into several 
sections. The first section is the daily log which they complete each day 
including a section for lecture notes and a section fbr unsblved probiems^ 
They list these problems as. they go through the summer. They encounter 
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tlicsc problems when someone talks about them or in their raading. They 
also have a section called "library notes" where they make a listing of 
abstract numbers and reference materials they may want to use later. _ 

Students are encouraged to iearh through reading, interacting, with 
bthtit students and teachers, 3nd experimentation. Although ah iridividual- 
iz('.d approach to learning with open ended inquiry is emphasized, total 
class general sessions are called at least weekly giving students an oppor- 
tunity to tell about their progress and raise questions about other stu- 
dent's work: During these sessions curren:: news items related to disease 
or other social issues that have relevance are discussed as well. 

When students have stated their problem and have an experiment plan 
approved, they make a list of chemicals and materials heeded. These come 
from the stockroom or they may be ordered. Students go through science 
material catalogs and locate what is heeded and within their budget. Stu- 
dents keep their chemicals and equipment at assigned work stations and are 
responsible for maintaining their own work space. 

Key books that we have available are Wilsbri, An Introdoction to Sden- 
tlTic Research and White, Ihtrbduction to Research. We use these as refer- 
ence material without assigning students a bbbk, J^ey are not asked to 
read or' report on the text material, only to understand, and use it. Stu- 
dents alsoare given outlines bf a format for written reports used by the 
South Carolina Junior Academy of Science, giving a consistent reporting 
ihstrumeht for research wbrk. ^ 

Oh several days, outside speakers present their ideas, discuss the 
excitement of research, and instruct students on various types of research. 
During the final days of the program students present their project in aii 
bral form while their presentation is video taped for later use and analy- 
sis: 

The program is based on an 8 week period ruhhihg cbncurrent ly with the 
regular summer school. These, weeks are loosely divided into four areas of 
concentration; the choice and statement of the problem and searching the 
literature, design of experiments arid assembly bf apparatus^ the execution 
of the experiments and coll ectibribf data, and evaluation and reporting of 
the student's work. Obviously this order can not be followed in all case^ 
because of the individual nature bf the program: it does however , out line 
the directibri we expect the student to jroceed in his research work._ Stu- 
dents are free tb chbbse any area of interest for their research arid usu- 
ally riarrbw this in an interview session with the teachers. This narrbwirig 
of fbcus is necessary because student time, equipment, chemicals, arid prb- 
gram funds are limited. The only cost to students is the regular summer 
school tuition. _ _ 

While students must spend a minimum^ of 120 hburs during the eight 
weeks, an average of 15 hours _per week , most studerits spend well over 200 
hours at this investigation.. Faculty members are present from 8:30 to 4^00 
each day with the number of faculty members present depending on the number 
of students that will__be wbrkirig. Althbugh this act ivity takes place dur- 
ing the summer, the flexibility bf the program allows students to be with 
their_parents arid family during vacation. 

The teacher iri this program must perceive the student as the problem 
solver arid riot as a student who simply absorbs knowledge and regurgitates 
facts. Teachers must ejicojirage students to experiment and try new thirigs 
everi thbugh they feel that it is not going to work. Students should be 
encouraged to find what happens when certain things are carried but. 
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Teachers encourage a sense of curiousity and interest by fDresenting 
interesting demonstrations and.pbsirig questions: They involve students in 
ari-ivlng at solutions and raising questions which develop into significant 
studies. One of pur students became interested in the blue bottle reaction 
presented at the beginning of the summer program an^ his studies began at 
that point. This se:nse of inquiry eventually led him to be recognized as a 

Westinghouse winner. ; 

Teachers ^ive iristructidn iii techniques but use an open approach with 
students in the research activity : They pose questions for students _ to 
consider and allow student opportunities to experiment. Philosophically, 
teachers view themselves as catalysts^ 

Each teacher presents special topics of interest. For example, we may 
have a presentation bn wave phenomena followed by presentations on light or 
laser, holography or chemistry demonstrations . Some spectacular rea- tions 
may include the blue bottle,^ dust explosion, thermite, and potassium per- 
manganate and glycerine reaction. 

Teachers must be careful to keep the program studunt-centered and 
assure that periodically news media report the work of the students and the 
awards and recognition they have received at the state and national level: 

We would like to add more visits to labbratdries and industries with 
additional visiting lecturers to enhance the depth and body of the program . 

teachers must employ the scientific method of problem solving. They 
must have experience in labbratbry or industrial type experiments . The 
teacher is assuming the role bf research director and provides a sounding 
board for novice researchers tb draw on; a source of ideas and suggestions 
enabling him to overcome the hurdles he continually faces. The student, 
being the researcher, needs someone with a good background and experience 
who can help him in talking th:^gh problem solving situations but not 
necessarily giving him the answers to questions.. The teacher s role is 
pointing him in the direction he needs to go to solve his problem. 

The skills we would like a teacher to possess are laboratory techni- 
ques in the area of his field; a basic understahdihg bf the elements of a 
controlled experiment; and the ability to use the reference materials in 
the library including the readers guide, the science and technology index , 
the abstracts and the chemistry, physics, atid biology journals. Of course, 
knowledge of other reference materials that are available in the library 
would be useful. It is very useful, as well, for teachers to be adept, in 
the use of hand tools fbr fabricating equipment : It is important that 
teachers be able tb instruct students in these skills since they must be 
guided due tb the potentially hazardous nature of the activity. 

Our staff membe-s hold membership in NSTA, NABT, and AAPT arid read the 
journals regularly: These journals provide new demonstrat ibris fbr teachers 
arid are a source of project ideas for the student. 

EVALUATION 

The open-ended nature of the program dbes riot lend itself to an objec- 
tive evaluation system for we feel that tests would be a discouraging fac- 
tor: We try to make this a learnirig experience that is as student-oriented 
ai possible by providing an atmosphere where the students begin to appreci- 
ate and enjoy. learning. If we were more traditional, including traditional 
exams, we would fail. 
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Four measuring criteria form the basis for evaluating studierits; 1) the 
daily log book, including daily activities, the 1 iterature search irifdr: - 
t ion, and problems, 2) a written paper follbwirig a suggested out 1 ine , 3) iii 
oral presentation which is video taped, and ^) the student's scientific 
attitude including interest, ability . to organize arid carry through with 
work goals, creativity, curiosity arid uriderstarid ing , arid applying scien- 
tific principles. We do hot administer ariy tests of knowledge or labora- 
tory skills. Our evaluation is based bri the four criteria, scientific 
attitude, and the self direct ibri bf the stiiderit. 

Weekly, the staff meets ib discuss the progress being made by indivi- 
dual students and to assess the prdgram. At the end of each summer session 
ideas are recorded that could lead to a smoother, more effective program 
for the next summer. 

1 thirik it is sigriificant to note that this program has not been 
directed frbm the administrative level: The teachers on staff work closely 
with the administration, however, but no guidelines or number of students 
enrolled is set as a basis for the program. This is important in order 
that the staff knows they have summer employment. This past summer we 
iricreased the number on the staff from three to four due to the increased 
number of students participating. 

Our program is successful as evidenced by the honors received by bur 
students: For 1983 we have 16 students who are National Merit Scholarship 
semif inalists , more than any other public or private high school in the 
state: Over the years SHS has ranked among the schbbls having the highest 
number of National Merit semif inalists iri the nation. Two students are 
finalists in the 1983 national achievemerit cbmpetition, nine students are 
commended by the National Merit cbrpbratibri, and f ive students in the past 
three years _were finalists iri the Pres idental Scholars compet it ion . Stu- 
dents at SHS may prepare for advanced placement examinations in thirteen 
areas, more thari ariy other high school in the state. We think the follow- 
ing cbmparisbris are interesting: in 1^969 there were 78 Advanced Placement 
examinatibris given in the school; thirty-one students scored_ three or 
abbve. In 1982 there were a total of l70 examinations with 127 three br 
above. Sixty-six scored 4 or 5, the highest poss ible scores , 

Of the graduating class of 1982, 76% are attending 61 iristitutibris iri 
15 states. Our *82 seniors in the c lass of _ 82 wbri schblarships worth 
$704,000 for four years. Not included in this figure is ariy rieed-based aid 
such as the South Carolina tuit ion grants br basic bpporturiity grants : Our 
1982 seniors averaged 41 points higher bri the SAT than the state average 
and 6 points higher than the sbutheasterri average with sixty-seven percent 
of the 1982 seniors takirig the SAT. Science Olympiades research projects 
and competitive testirig prbduced more than our share^ of state and national 
winners. The State of West Virginia hosts two senior science students from 
each state for a ihree week science camp : Eleven students have been 
selected frbm Spartanburg High School since 1972. 

The American Association for the Advancement ot Science each year 
selects two outstanding research papers, inviting the authors tb atterid the 
national meeting: since 1970 seventeen of the twenty-four state wiririers 
have been from Spartanburg High School.. And, since 1972, three bf bur sum- 
mer science students have been among _ the top f brty Wes t irighbuse winnners^ 
The South Carolina Junior Academy of Scierice was fburided at Spartanburg 
High School in 1969 and now has over 2000 members. Our summer science pro- 
gram, established in 1963, has had ari erirblltderit of over 300 students and 
serves as a model for many South Carbliria schools: 
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A survey of past graduates would be ihterestirig and useful in 
validating the importance of the program especially as it aids in career 
choices of the participants. . _ . 

The most significant expense is the salary of the faculty members , an 
amount chat is variable based oh experience. The amount that is directly 
involved in program expense is appjroximately $100 per pupil, including 
transportation and material costs From the beginning the program has had 
the backing of the school board, local principal arid the district superin- 
tendent along with the assistant superintendent of instruction: 

The success of the project comes from this support of our school board 
and superintendent who continue to provide money and community promotions. 
The program al'^o' is blessed with staff members who are talented and devoted 
to the project and give much time and effort to see that it succeeds . It 
has been a cooperative sort of effort between community and administration 
and the teachers over the years with the community providing support in 
allowing students to visit research facilities and speakers for areas that 
we have requested. It will continue because we have young teachers on the 
faculty, two of whom are former students in the program and_ are now teach- 
ing chemistry and physics in the science department. We feel that these 
young people will be able to maintain the program on this high level or 
even higher than what it has been in the past. 

Parents are involved initially as students are being recruited to the 
program. At this time parents are told about the program, the success it 
has enjoyed over the years, and, in addition^ the parents and students are 
shown the facilities available for the students to use during the summer 

program: ' . 

The assistant principal of instruction sends letters to prospective 
students in the spring and he or the principal welcomes the students: and 
parents to the introductory meeting. - 

The administration supports our problem by providing summer- salaries 
for the faculty, leading to better staff maintanenance by placing teachers 
on 11 month employment and easing some financial restraints. In addition, 
the opportunity for teachers to keep abreast of what advances are being 
made in their respective areas is a positive influence. More importantly 
we see young people come alive to the potential they have to do something 
that could make a difference. 

In general the role of the administrators is to provide support for 
excellent instruction by supporting the teaching staff and through discip- 
line, building equipment maintanence and materials supply: 

The principal is responsible for the number of staff members assigned 
to the program. His approval is sought for extended outings such as the 
Worlds Fair Trip or trip to the Fernbank Science Center in Atlanta. He is 
informed of tours and outings where school transportation is necessary. 

Our teachers have been recognized for making this difference. Two of 
the four members of the summer science staff have received the South Caro- 
lina Outstanding Science Teacher Award and we have, numerous certificate 
awards for student achievement in science from NSTA," Westinghbuse, and 
bther_natibrial organizations^ _ i_ . 

The flexibility of the program and the interest generated each year at 
the South Carolina Junior Academy of Science meeting also is one way we 
attract interest: The science teachers at the junior high schools are 
helpful in encouraging students to get involved as well: The most recent 
boost has been a meeting with prospective students and their parents in the 
spring in time to schedule the program iritb their summer activity. ^ 
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The nature of the program is such that the commitment for support must 
come: from the school board ^nd admin ist rat ibh . We feel that a dedicated 
reachar with a keen desire to work v;ith young people can sur.ceed. We feel 
the best results can be achieved with three or four teachers but certainly 
not less than two. The student teacher ratio should be brie to five or 
seven : _ _ _ 

i "would like to acknowledge the assistance of Bob Gr^-'s, Assistant 
Principal; Joe Clarke, Assistant Principal . of Iristriir arid program 

staffers Seve Jeffords, Randy Mahaffey, and Major Rhodes their contri- 

butions to the program and this description. 
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Chapter J2: Excellence in teaching Science As Inquiry: 
Some Generalizations and Recbmrhehdatiohs 



By 



dohn E. Penick 
University of Iowa 



and 

Glen S. Aikenhead 
University of Saskatchewan 



In chapte? oHe we pointed out -hat if students are to use and truly 
understand the specific and general characteristics of scientific inquiry 
we need to provide more than mere dictionary definitions of inquiry. We 
need operational definitions and themes, wit^ specific goals and examples. 
The synthesis Researchers, in analyzing and developing school issues 
-elated to teaching science as inquiry, developed three main themes bach 
theme is an imp_ortant part of an operational definition pf_ inquiry. These 
three themes; The Learning Context, The Transactions of Instruction, and 
The Outcomes of that instruction have been addressed by every teacher wish- 
ing to stimulate inquiry in science classrooms. The ten prbgrams described 
in this monograph are no exception. 

THE LEARNING CONTEXT 

Developers of all ten of these exemplary programs have taken very ser- 
iously the contextual component, including curricninm materials^, skilled 
teachers, science laboratories, and community involvement. While most 
existing school science programs me.y make this same claim, few are those 
who considered these elements ahead of more traditional notions of content, 
processes, and skills. Fewer still are these who designed their program 
with a full understanding of the roie of context in the total inquiry pro- 

^'^^ While most school science in the United States is textbook centered 
and classrobtr. oriented, ail ten of these exemplary programs use a personal- 
ized inquiry curricniam developed with their specific community, students, 
abilities, and needs in mind. As a result, these programs involve and res- 
pond to the community as well as the students: Shelley Partin s Pamlico 
County Junior High Environmental Awareness Program allows students to exa- 
mine closely the fragile environmental balance of coastal North Carolina. 
In a relatively poor community where a majority of the population earn 
their living through farming or fishing you cannot provide a much more 
relevant curriculum. But, more than reievant , these students are learning 
what affects the environment, their environment, and are coming to realize 
that this is the forerunner of the environment they will inherit as adults^ 
These students see Science as an important part of their lives, now ^ and a 
way of protecting their own future. These teachers have pieced humankind 
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in a central focus of studVj much as in the Project Synthesis Desired 
State^. 

The community is the schbbl yard for junior high s tudents of Eva Kirk- 
patrick in Missouri, as well. These students took environmentai inquiry 
several steps further than normal ais they used legal processes and the 
courts to prevent a landfill operation in their community: Now, they are 
researching actively the Dibxah contamination of much of their community, 
including the stream running through the school grounds. 

Some teaches, like Troy Bridges of Spartenburg (South Carolina) High 
School, have been able to plan and see built science laboratories and sup- 
port facilities which rival those of many universities. Others, like Judy 
Holtz, a primary teacher in Bi^oward eounty, Florida, have developed curri- 
cula which are unique but highly transportable. 

All teachers in these ten programs are very committed to their pro- 
grams and their students; sometimes to a most unusual degree. When we 
visited Merrit Island High School we learned that Patricia Denninghof f was 
in the school and available to students almost every evening, sometimes 
until early in the mornin/^. 

One of her students told us she was_ willing to stay all night if a 
student's project required, it. We asked her student teacher, an eager 
young man who was obviously inspired, by Ms. Deririirighbf f , what advice he 
would, give_ a teacher wanting to set up a similar program in their own 
school. After a thoughtful few moments he replied, "Get an apartment over 
the school, rembve the Ibcks frbm the doors , run in extra phone lines , and 
don't expect many uninterrupted meals:" Another person suggested she 
wbrked well with students because of her own nine children. But, a fellow 
teacher thought those same nine might be why she was at school so much! 

We're not sure we have a common reason for involvement but all of the 
teachers In these ten programs work easily with students, parents, other 
teachers administrators, and community leaders. They all participate 
actively in professional organizations, read prof ess ional jburhals , arid see 
themselves as learners. They do not see themselves as fburitairis bf kribw- 
ledge from which students must drink.. These are teachers who value inquiry 
and an inquiry orientation in_ themselves arid their studerits. In addition^ 
they possess the skills arid knowl^-lse riecessary to create an environment 
conducive to iriquiry. Orie aspecc of the creative, iriquiry-oriented person 
which_ is most bbvibus iri all bv them is their extreme flexibility, inciud- 
irig flexibility bf time, schedule, curriculum, ?xpectat ipris , and them- 
selves, Iri shbrt, they all Individualize instruction to some extent and 
sbme prbfess never to meet with more than a few students at a time. 

Some teachers, like Marvin Seines, Sioux Falls, South Dakota, have 
supplemented commercial curricul.H, like ISCS, and found ways to go beyond 
mere self-pacing. Others, like Patricia Denninghoff and. Kenneth Marx bf 
Merrit island; Ann Justus, of Phoenix; Lois Dursb^ of Massachusetts; arid 
Larry Fauque of Sunburst, Montana seem to create a different curriculum fbr 
each student. Actually, they let _ the students create much bf their own 
curriculum; the teacher's role has become more that bf a resburce, an advi- 
sor, and, iri some cases J a coriscierice fbr their studerits . Don Birdd at the 
Model Lab School iri Richmbrid, Keritucky, emphasizes teaching "both sides of 
the brain" By these he mearis teachirig mbre that the linear , rational think- 
ing arid learriirig usually associated with science instruction: He wants his 
studerits tb expand their creativity in science, their concept of what sci- 
erice is, arid their use of inquiry in classrooms: 
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Although many" tiachers. in these ten exemplary problems seem to create 
what others might call an "unstructured" ciassrOOm environment, in reality 
they have very ixplicit goals for students arid very concrete visions of 
their ideal classroom and the learning, values, and attitudes it will 
enhance; they maintain these visions in establishing a learning environ- 
ment for their students . 

TRANSACTIONS OF INSTRbeTION 

Transactions, the second theme of the Project Synthesis Desired State, 
are the activities of students and teachers; the interaction! of students, 
materials, teachers, others, and the outside world. While Context included 
some static elements like materials and laboratories, transactions are 
dynamic. Transactions are what students and teachers do while learning 

Science as Inquiry. _ . 

Inquiry classrooms must provide time not only for doing science but 
time for transactions involving reflecting, feeling, and assessing as well. 
The ten programs represented in this Focus On Excellence monograph do just 
that. Most science teachers provide reasonable laboratory time. Bat, 
while they do not prohibit feeling, reflecting, ^ assessing, teachers 
don't provide systematically for their occurence. 

Many Of the articles in this volumn mention the Use of student seif-e- 
Valuation forms, student attitude, and students creating their own plans 
for learning. Some programs provide daily and weekly self -assessment , oth- 
ers are less Regular. Some use self-repOrting forms or checklists, one 
uses videotape of student presentations, and others rely exclusively on 
regular student-teacher conferences. All, however^ provide students with 
opportunities to look inward, to determine for themselves the value of 
their own endeavors. The programs do not view student evaluation as the 
exclusive domain of teachers. They recognize fully that true scientific 
inquiry includes self -assessment and evaluation as a precursor of continaed 
progress and scientific inquiry. Students^ who cahriot sel f -eVHluate can 
inquire only to a limited extent. So, as in these ten examples, self-ass- 
essment and evaluation must become real goals of any serious program pro- 
moting the teaching and learning of science as inquiry. 

part of this self-assessment comes from student originated questions, 
part from teacher expectation and mandate. But, only the teacher can 
structure the classroom to eliminate that ever possible bain of student 
self-assessment; continual assessment and evaluation by the teacher. As 
one teacher pointed out, "IJ: I want them to make the observations I must 
teach skills and create opportunities for observation; I must be cautious 
not to make the observations for them as that defeats the purpose and makes 
them dependent on me. If I Want them to be competent self -evaluators , the 

same technique holds true. _ ^ - 

Many of the goals of these ten programs are similar in that they 
require the student to do something both as a prerequisite and as an indi- 
cation Of learning^ These teachers do not view mere knowing as very impor- 
tant; they want students to be able to apialy and communicate their know- 
ledge in Identifying and solving problems or structuring additional 
knowledge. They want student knowledge to lead toward other goals such as 
interpretation of their envirohmeht Or an enhanced science literacy, 
through doing science teachers in these exemplary programs want students 
to come to understand the nature of science; its tentativeness and man-made 
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nature: These teachers indicate that for students to be science literate 
they must know and know personally how science comes about; its limita- 
tions, beauty, and nature. Students who possess only knowledge of science 
without reflecting on and feeling the thrill of discovery, the agony of 
defeat and the struggle to know, are hopelessly illiterate in science. 
Providing for this literacy are butstaridihg teachers in ten outstanding 
programs promoting the teaching of Science as Inquiry. Thpse ten programs 
provide good evidence and justification for saying, "teachers do make a 
difference" . 

OUTCOMES OF INSTRUCTION 

Outcomes resulting from transactibris were classified by Project 
Synthesis__as being in four clusters: Personal Needs, Societal Issues, Fun- 
damental Knowledge^ and Careers, Each gbial cluster was further broken down 
into components of doings khbwihg, arid attitudes (see Table 3 in Chapter 
One for a samplirig bf desired outcomes for studerits) . These selected pro- 
grams p>rbvide mariy examples of outcomes which exemplify The Project Synthe- 
sis Desired State. 

Personal Needs 

All ten programs are concerned with enhancing science literacy arid 
developing personal traits of self-confidence, responsibility, and life- 
long learning skills. Most of the programs are individualized far beyond 
mere self-pacing and ail programs show a high degree of flexibility. Their 
flexibility lies in a willingness to change topics, activities ^ or direc- 
tions easily and quickly, allowing teachers to follow studerits arid students 
to follow knowledge. This is iri sharp contrast to more traditibrial pro- 
grams where knowledge seems ajways tb be pursuirig ,the learner. 

Some programs i such as Problem Sblvirig iri Physical Science in Imper- 
ial j Missouri ^ seem ready to drop all pre-planned notions to investigate 
problems which arise. Others, like the Research Science Program in Brevard 
Courity, Flbrida; Methods and Applications of Science^ E as thampt^n^ Massa- 
chusetts; Individualized Science Investigations, ^^^^^^^t,^ ^ontana; and 
Scierice Project Seminar, Phoenix, Arizona; have '^developed curricula which 
build in spontaneity and flexibility: Flexibility is an essential compo- 
nent of these programs since they ail involve individual students working 
on independent research projects. 

While these programs are certainly not unusual in emphasizing personal 
science, they also stress development of high level cbmmuriicatiori skills. 
Many of the research-oriented programs have highly structured curricula 
designed to foster students' ability to write ^ speak arid preserit their 
research in the best way possible. Sbme everi gb so far as tb irivblve 
faculty from English departmerits iri teachirig writing skills and drama 
teachers to coach studerits on preseritat ibris . Several video-tape student 
presentations which are later critiqued by the v?hole class, the teacher^ 
arid other kribwledgeable professionals. These^ ^tude^nts are learning that 
ddlhS scierice is only the begirming; they must communicate science before 
their task is done. In the process they are learning valuable communica- 
tion skills which will aid them in whatever field of life they ultimately 
crioose: 
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Student attitude toward science and science teaching must also be 
(>nharK:p:d in these programs which promote independent dec is ion . making , 
thinkir.^ and management skills, and self-confidence. . In viewing . these ten 
program^ we see schools where students are personally involved , in exaffling 
their own environment in their own way with their own expectations. They 
are learning to do and communicate science in ways that make sense to them- 
selves. These students are taking risks inquiry ing _ but in .an ehvirbnment 
mcide safe by supportive teachers, administrators,^ and cbminuhit ies . 

Wo are seeing students who are sc ience 1 iterate in the best sense ^of 
the word; students who are creative yet disciplined, students who are 
actively using science knowledge in making decisions arid feeling their own 
motivations at work: These students are learnirig survival skills which 
will become increasingly more useful and necessary iri our ever more techo- 
Idgical and scientific world. 



Societal Issues 

Whiie all ten programs use scierice related social issues during the 
year, soSe like, Ehvirbhmehtai Awareness, devote a major portion of their 
year 'to this needed area of inquiry. Teachers in these programs are cons- 
tant ly alert for science class opportunities which easily relate to society 
at all levels. Some are very cdritemporary, focusing on energy is ues, while 
others are following a more locally rel^evant approach. Almost all seem to 
emphasize the values arid ethics inherrant in decision making and spend much 
time processing how decisions made; 

How science and its products benefit mankind is a key element iri many 
activities and discussions^ Aspects of economics, psychology, arid sociol- 
cgy are ever present in some classrooms as these inribvative scierice teach- 
ers work with students who are truly seeing scierice as a human (and there- 
fore falVible) enterprise. Issues relating to growth and development of 
individuals, businesses, ideas., governmerit , sbc iet ies , and nat ions are now 
found in science classrooms alongside more traditional issues of environ- 
ment, genetics, and technology. . 

Even those programs which are scierice project and competition oriented 
frequently find societal issues iri their classrooms as students investigate 
problems relating to alcoholism and substance abuse, malnutrition, genet- 
ics, and stress. These students are using the processes and power of sci- 
ence and logic to delve into problems of society ; truly they can be said to 
be doing social scierice in every sense of the word. 

Students (and teachers) part icipating in sAx^hL^lases are learning 
first-hand the impl icat ions of sc ience for society . They are seeing that 
decisibris, even those based on science, are not value freer that even 
scientists cannot be above ethics and morals. Certainly we can say that 
students in such programs are likely to appreciate scierice as never before 
as they see how to use the outcomes of scierice in dealiTig^ responsibly with 
societal issues and problems. These are society's leaders of tomorrow as 
envisioned by Project Synthesis. 

Fuhdamehtal Knowledge _ 

Even those programs most emphasizing societal issues haye_ not rele- 
gated science to the back seat, however . beaming science, and lots bf it , 
is essential iri the eyes of all these program developers. Where they dif- 
fer, though, frbm many programs is how and when they _ expect studerits to 
learn arid what they expect students to do as a result of this learning. At 
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the same time, these teachers frequently have radically different standards 
of whether or riot the learning has taken place. 

Their students study the usur^l texts but rieither trust nor rely on 
them. They actively inquire into the meaning. arid usefulriess of what they 
learri; they are always quest ion irig. Iri mariy of the programs students spend 
much time reading the j'esearch literature^ learning for themselves how 
knowledge was gained. Their tre'a^hers want students to realize arid value 
the hard work involved iri discovery and to expcrierice the thrill arid 
excitement of new-fourid knowledge. Teachers further warit their .students to 
use this knowledge and excitement iri making decisions, doing research of 
their own, and iri furtheririg /their own kribwledge. To these teachers, sci- 
erice has not beeri fully learried until it cari be applied to problems identi- 
f ie.d by the learrier . 

These teachers, rather than prescribing what must be learned and, hav- 
ing satisfied that goal, moving on, design learning environments where 
instruction doesn't end with so little meaning: These environments demand 
application of knowledge in identifying problems and use still more know^ 
ledge in actively seeking solutions: While intellectual curiosity is 
encouraged, as it should be, so are pragmatism^ and productivity encouraged. 
Students in these programs not only kr ow how to gain knowledge but can 
apply and apply well that knowledge in a variety of scientific, personal, 
and social settin;^5. Again, there are students who are well on their way 
to attaining literacy in science. 



Some Notable Academic Achievements by Students 
in the Six Research-briehted Programs Teaching 
Science as Inquiry 

id Winners-, Westinghouse Science Talent Search 

17 honors, Westinghouse Science Talent Search 

32 place awards, international Science and Engineering Fair 

3 Winners, Youth Science London Fortnight Awards 

i Winner, Tokyo cherry Blossom Festival trip 

1 Winner, Trip to Nobel Prize Ceremony 

5 Navy Cruise Awards 

5 Winners i Regional Space Shuttle Contest 

1 Winner , Edison-McGraw Award 

2 Wiriners , Naitonal Eriergy Irideperident Research Award 
7 Pres iderit ia 1 Scholars Firialists 

2 Natibrial Merit Firialists 

22 National Merit Sertiif inalists 

Iri addition, students from these programs have won thousands of 
regional science fair trophys and ribbons and rtiore than $1,000,060 in scho- 
larships for each graduating class each year. 

Careers 

While it is obvious that many students doing research are exploring 
careers as researchers it may be less obvious that some students are^ at 
the same time, discovering for themselves that they do not wish to be 
researchers. Career or riot ^ they all come to appreciate what science arid 
research are and what researchers do. Even those who have rib iriteritiori of 
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embarking on science careers tiiay well use their skills, knowledge, and 
anderstandiHg in whatever careers they eventaally choose. 

But. science research is;, only one career among many promoted and 
modeled by the unusi-al teachers in these outstanding programs. One career 
being model-ed well is of particular interest ..to us-sciehce ^teaching: 
Theii students are seeing science teachers as energetic, knowledgeable, 
ambitious, and highly professional individuals. Teachers are seen as car- 
ing, competent, and concerned for the welfare of their students, their com- 
SuHities, and society. This positive perception of teachers may well led 
to consequences well beyond students wishing to be teachers thenisevies. 
These students will be leaders in their use of science and may eventually 
take positions influential to schools or school districts. Viewing teach- 
ers as professionals is a first and necessary step in enhancing the profes- 
sion's overall status and desirability. 

Most of these ten programs make liberal use of community resource per- 
son as classroom speakers, as mentors:, and as experts to be iearned from. 
Hearing and meeting with professionals provides additlonai career models 
whether they be farmers or pharmacists, fishermen or physicists . Students 
venturing out into the community, interviewing people at work, meet these 
resoure people in their home environment and gain powerful new images of 
alternative career paths. Some of the older students in the^ research scx- 
ence classes gain part time or sw^iex employment through these community 
contacts; another stepping-stbrie^n that same career path. 

j \H edNetysioN 

I As predicted by the Synthesis Researchers , we find the teacher to he 

the critical factor in designing and creating an environment conducive to 
inquiry The teachers in these ten programs are possessed with and by 
inquiry to the extent that their classroom reflect this possession. ^Their 
! inquiry natures are contagious and they are eager to jLnfect their students. 
• To effect this innocuiation , teachers carefully construct a learning atmo- 
sphere Where risk taking is safe and acceptable^ where rewards are provided 
fbr use of knowledge rather than regurgitation, and where issues are as 

.' important as facts. . , ^^^^^ „ 

/ The classrooms themselves reflect a well-used patina and, often, a 

lack of tidyness indicative of constant use and too many materials in too 
little space. Both the physical and intellectual environments are stimu- 
lating and the intellectual is as unrestricted as possible. The flexibil- 
ity necessary ror inquiry is reflected in both the physical arrangement of 
these classrooms and the attitude and behaviors of the teachers 

Proiect synthesis suggested inquiry classrooms would reveal a variety 
of teaching methods but a consistency in teachers ^^^'^ ^^^^f' 

respected the ideas of others, and who served as role models of inquiry 
persons, we found this prediction to be afaazingly accurate. These _ teach 
Srs are thorough and thoughtful in planning, executing, and evaluating 
their teaching. Most seem to be more concerned with how^an ^^^^l^ 
done than with what is done. all claim inadequate time but, while many 
more traditional teachers seek time to cover more chapters, inquiry teach- 
ers seek more time to further real student accomplishment, understanding, 
and reflection. 
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Some iSeheralizatibhs 



We find that excellent programs teacf- 
were designed to be excellent 
^ involve several years of deve 
^ are still evolving 
~- frequently make use of severa 
iriservice 

- do hot place textbooks in a c 

- involve a locally developed c 
^ have strbui^ administrative ah 

involvemeht • 

- have close ties With post-^sec 

- have highly energetic teacjier 
in prof ess ibhal brgahizatiohs 

^ have very current, khowledgea 
teachers who have rationales 

Many features from these prbgr. 
part. While no one feature way be 
add Up to a very pervasive model and 
to students and teachers alike. By 
instituted in your program, will trai 
the teachers and developers of the 
environment they wished to create , 3 
will lead to excellence in your own 
call, or visit any or all of these 
truly inqu iry -oriented class room env : 
luck and extend our certainty that yc 
as we found provided by these program 



